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O K, so you figure that your computer’s on its last 
legs. You have no CD-ROM or DVD-ROM drive, 
and your hard drive is rapidly running out of 
space. You can wallpaper the den in the time it takes 
Microsoft Word to boot up. You have no idea how to 
network your machine, or if it’s even possible to network 
the old fossil. And the peripherals! Why, you’re still using 
that old, steam-powered, black-and-white printer. And 
recently, with one heartrending little digital squeak, your 
mouse just rolled over and died. Now, to top it off, your 
friend went out and bought one of those new, super-fast, 
monster machines. Well, don’t panic. You may not need to 
dish out the big\bucks to keep up with the Joneses. In this 
issue, we show you dozens of ways to upgrade, enhance, 
tweak, and just generally improve the heck out of your 
existing computer. 
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make the upgrade. 
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Memory matters. A lot. In fact, adding memory 
and boosting your computer’s processing 
power are two of the kindest things you can 
do for your ailing PC. We show you some 
simple, effective, and economical ways to 
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Some of the wisest upgrade investments you 
can make have little to do with adding raw 
power. Instead, think about taking advantage of 
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drive that won’t...weii, drive, this is 
where you can turn for more informa¬ 
tion, troubieshooting advice, and 
additional resources. 

128 Is Your Hard Drive Upgrade Giving 
You A Hard Time? 

We Offer Solutions 
To Common Probiems 


139 We Recommend ... 

Books To Help You Troubleshoot 
More Advanced Problems 

140 Go Online For More Details 

Web Sites For Your Troubleshooting 
& Maintenance Needs 

142 GLOSSARY 

143 INDEX 



Webcams 

New Cams Offer Smoother Sailing 

Speak Up! 

Turn Up The Volume On Your 
PC’s Speakers 



130 Did Your New Memory Forget 
How To Work? 

Give It A Boost 


Cooling 

Don’t Leave The Kitchen, Just Ventilate It 


By Following Our Advice 


132 


135 


Mother Lode Of Motherboard 
Problems? 

Tame The Beast With Our 
Troubleshooting Techniques 
Upgrades For Notebook Computers 
The Components That Make 
The Extra Effort Worthwhile 


Editorial Staff; Ronald D. Kobler / Samit G. Ctxjudhuri / Corey Russman / Rod Scher / 
Kimberly Fitzke / Katie Dolan / Jennie Schlueter / Raejean Brooks / Christopher Trumble / 
Blaine Flamig /Terry DugaiV Rebecca Christensen / Christine Mueri /Tara Weber / Sally Marek 
/ /tmy Policky / Michael Sweet / Marty Sems / Chad Denton / Nathan Chandler / Cal Clinchard / 
Catherine Geistkemper / Kylee Dickey Customer Service: Nicole Buckendahl /Travis Brock / 
Alisha Lamb Subscription Renewals; Liz Kohout / Connie Beatty / Matt Bolling / Patrick Kean 
/ Charmaine Vondra / Miden Ebert / Kathy DeColto / Stephanie Contreras /Theresa Sissel 
Art & Design; Lesa Scarborough / Fred Schneider / Ginger Riley / Carrie Benes / Stacy Peters 
/ Dave Fiala / Lori Garris / Jason Codr / Bret Jurgens / Andria Schultz / Erin Smith / Ned Day / 
Undsay Anker Circulation Development: Kelly Richardson / Mark Anderson / Marcy Gunn 
Newsstand: Mark Peery / Garth Lienemann / Dorene Johnson / Erik Egeberg / Christopher 
McGreer Advertising Sales: Grant Ossenkop 


Customer Service 

customer.service@smartcomputing.com 
Smart Computing 
P.O. Box 85380 
Lincoln, NE 68501-5308 


To Place An Order Or Change An Address 
(800)733-3809 
FAX: (402) 479-2193 
http.V/www.smartcomputing.com 


Subscription Renewals 
(800)424-7900 
FAX: (402) 479-2193 
http://www.smartcomputing.co 

Authorization For Reprints 

(800)334-7458 
FAX:(402) 479-2104 

Editorial Staff 

editor@smartcomputing.com 
FAX:(402) 479-2104 
131 W. Grand Drive 
Lincoln, NE 68521 


Advertising Staff 
(800) 848-1478 
120W. Harvester. 
Lincoln, NE 68521 
, FAX:(402)479-2193 


V 


Copyright 2(XH by Sandhills Publishing 
Company. All rights reserved. Repnxiuction 
of material appearing in SMART COMPUT¬ 
ING LEARNING SERIES: PC Up^raihv is 
strictly prohibited without written 
permission. Printed in the U.S.A. GST # 
123482788RT(XX)1. Smart Computinf; is pub¬ 
lished monthly by Sandhills lAiblishing 
Company. 131 West Grand Drive, I’.O. Box 
85380, Lincoln, NE 68501. POSTMASTER; 
Send address changes to Smart Computing, 
P.O. Box 85.380, Lincoln, NE 68501. 




















viNit 


4 PC Upgrades / Learning Series V 


ORBiTZ 

The travel site with the 
most low fares to planet earth. 

Proudly created by The World's Leading Airlines. 

The most available fares from over 450 airlines. 

Scans more than two billion possibilities in seconds. 

The most airline Web-only fares in the business. 

Visit planet earth via ORBITZ.COM 













IngutDew^ 


The Ins & Outs Of Input Devices 

It’S Time For Bigger, Badder Computer Toys 



I nput devices are workhorses on our 
computer systems, and like most instru¬ 
ments used day in and day out, they're 
often taken for granted, "niat's a goof- 
up on grand scale. When we overlook 
the upgrade potential of these essential 
devicfes, we may be limiting our productivity 
or even harming our bodies. 

We've scoured the planet for the most bril¬ 
liant and innovative input devices. This issue 
contains many articles detailing our findings, 
complete with hints on which devices to buy, 
where to find them, and step-by-step 


instructions on installing them. In order to 
start things off right, though, let's detail what 
constitutes an input device and give some 
examples of the type of data they input. 

■ What’s An Input Device? Items such as 
printers and monitors are called output 
devices, because they take data from the 
computer and use it to complete a specific 
function, such as printing, text or displaying 
images on a screen. The yin to output's yang 
is an input device. Instead of receiving infor¬ 
mation, input devices send data to the 


computer's CPU. This category includes key¬ 
boards, scanners, mice, joysticks, digital cam¬ 
eras, and more. 

Input devices give a computer user a way to 
communicate with the computer's processing 
unit; to do so, we have to input commands 
from the ideas in our heads into the computer 
system. For a moment, think of how humans 
typically interact with other people. Much of 
our social interaction depends on spoken, writ¬ 
ten and body language; physical contact; and 
other subtle conveyances. Not all of these com¬ 
munication techniques work when dealing 
with a piece of hardware. 

Keyboards and mice are the vital link 
between our flesh and blood and the hard-core 
processing speeds of our computers. Manu¬ 
facturers spend millions of dollars researching 
both devices, and their efforts have yielded 
some interesting designs. 

We can't simply speak to most computers to 
tell them what to do, regardless of what you've 
seen on "Star Trek." And although some 
devices register physical movement, these 
aren't in widespread use. Instead, written lan¬ 
guage and visual cues are our primary means 
of engaging a computer, usually with a key¬ 
board or mouse. 

■ Keyboards. Many users prefer the sim¬ 
plistic design of their traditional, inexpensive 
keyboard, but these aren't always very com¬ 
fortable to use. Many office workers experi¬ 
ence soreness and aching in their wrists and 
fingers due to the strain of repetitive typing. 
That's why investing in a more expensive key¬ 
board can make your computing sessions 
much more pleasant. 

Fixed-split keyboards are popular and rela¬ 
tively inexpensive. One notable design is the 
Acer Ergo61 keyboard ($59; http://www 
.acercm.com). There's a raised split in the cen¬ 
ter of the keyboard for the purpose of forcing 
your hands to type in a more "neutral" posi¬ 
tion, minimizing hand strain. For additional 
comfort, two cushy pads afford a resting 
place for your wrists. A touch pad sits at the 
bottom of the keyboard split, replacing your 
need for a mouse altogether. 
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It’s not a scene from “Invasion Of The Keyboard Snatchers.” The Acer 
ErgoOl keyboard puts your hands Into a more neutral typing position to 
reduce bodily strain. The trackpad makes this device exceptionally cool. 


The Comfort Keyboard System ($299; 
http://www.comfortkeyboard.com) is a more 
expensive keyboard alternative. This odd-Iook- 
ing contraption boasts of having infinite 
adjustability, thanks to the custom telescoping 
mounts beneath the three individual keyboard 
sections. The system lets you place the three 
sections in any combination (such as putting 
the numeric keypad between the two main sec¬ 
tions). You can also adjust its height and angle 
to your preference. 

As the design of keyboards has changed, so 
has their functionality. Manufacturers are 
adding new controls (or functionality) into 
keyboards to speed access to frequently used 
programs. The Microsoft Office Keyboard ($65; 
http://www.microsoft.com) has buttons along 
the top that let you launch an application, an e- 
mail program, or the Calculator with just one 
key press. A scroll wheel and Back and 
Forward buttons are also standard and sure to 
please Web addicts. 

No matter which keyboard you choose, they 
all work in a similar fashion. \^en you press a 
key, a signal is sent to the keyboard's processor. 
The processor determines which key combina¬ 
tion you pressed, stores them for a moment in a 
memory buffer, and then sends the appropriate 
data to the computer, which reacts to your com¬ 
mands almost instantaneously. This is a low- 
bandwidth function that requires little data 
transfer, especially when compared to data- 
intensive devices, such as digital cameras. 


■ New Mice Are 
Nice. Keyboards aren't 
the only input devices 
being revamped. Mice 
are rapidly evolving. 

Hewlett-Packard and 
RCA teamed up to pro¬ 
vide the HP Forced 
Feedback Web Mouse 
($59.95; http://www 
.rca.com). This mouse 
looks typical, with two 
buttons and a center- 
mounted trackwheel. 

But put this device to 
use, and you soon feel the difference. It incorpo¬ 
rates "forced feedback" technology that lets 
users feel sensations corresponding to the 
mouse's movement aaoss folders, Web buttons, 
hyperlinks, and more. 

Wireless mice have been around for years, 
but they're always getting better. Logitech's 
Cordless MouseMan Optical ($69.95; http:// 
www.logitech.com) comes with a receiver that 
plugs into your PC. With the receiver in place, 
you can operate the mouse up to six feet away. 
Two AA batteries power the mouse's transmis¬ 
sions, and it works optically, meaning there's 
no ball that gets dirty. 

Like keyboards, mice require very little 
bandwidth. When you move the mouse or 
click its buttons, it sends a few bytes of data to 
the computer. The low data flow means even 


the most high-tech mouse isn't likely to strain 
your system's resources. 

Most users won't have much need to 
upgrade their mouse, with one major excep- 
tion-^you need to have a trackwheel. Many 
manufacturers are still cranking out mice 
without this ingenious add-on, but it's the 
best feature of modern mice. A trackwheel 
affords you much more control in applica¬ 
tions as diverse as Microsoft Word and 
Internet Explorer, and it significantly 
reduces hand strain. Don't a buy a mouse 
that doesn't have one. 

■ Alternative Input Devices. Mice are 
far and away the most common complemen¬ 
tary devices for the keyboard, but there are 
other choices available. Trackballs and touch 


Return On Investment Chart* 

Input Devices 

I n the chart below, you’ll find our writers’ and editors’ opinions about which sorts of upgrades in this area offer the best ROI. In an effort to 
reflect the situational nature of such estimations, we’ve divided the chart among various types of users. Please remember that your situation 
may not fit neatly into these categories; thus, the chart is meant as a starting point, not as a comprehensive reflection of your specific needs. 

Type Of Estimated Return On Investment 

Upgrade (On A Scale Of 1-10) 



Home 

Business 

Graphic 

Avid Web 

Avid 



User 

User 

Artist 

Surfer 

Gamer 

Comments 

Mouse 

7 

i 10 

8 

10 

i 7 

Wireless mice are nice; no tailsl 

Trackball 

7 

8 

9 

[ 8 

7 

Another ergonomic wonder. 

Joysticks 

4 

2 

6 

4 

: 10 

For gamers only. 

Keyboard 

9 j 

10 

. 7 

} 7 

1 7 

Ergonomic pnes save office workers’ hands. 

Scanners 

6 I 

8 

10 

5 

! 4 

For users who handle many hard copies. 

Digital Camera i 

7 i 

9 

: 10 : 

4 • 

^ 3 i 

5 megapixels are nice, but unnecessary. 

Webcams 

6 i 

7 

i 4 I 

9 

1 ^ ^ 

When you really need to see who you’re chatting with. 

FireWire i 

3 I 

5 

8 : 

5 

1 7 i 

Faster than USB (Universal Serial Bus), and pricier. 

USB 

10 i 

10 

9 I 

10 

10 

The current connectivity standard. 

Infrared Port 

6 i 

8 

5 i 

■ 5 

5 i 

Best for those always on the go. 
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pads are both widely available and have 
prices comparable to good-quality mice. 

Trackballs are basically mice flipped on 
their backs. You rotate the ball with your fin¬ 
gers to move on-screen items. Because track¬ 
balls are stationary devices, they're particular¬ 
ly appealing for limited-space situations, such 
as with portable computers (or due to that hor¬ 
rible mess crowding your desk). One space- 
age device is the Logitech Cordless TrackMan 
FX ($69.95; http://www.logitech.com). 

Not only is this TrackMan cordless, it signif¬ 
icantly reduces the finger and wrist move¬ 
ments associated with mouse use. You control 

I the trackball with your forefinger and thumb, 
and you use the four buttons to access any 
number of clickable options. 

It all makes for a very cool-looking product, 
but is it really necessary? If you experience 
repetitive motion strain, the answer is that it's 
probably worth a try. And those who require a 
lot of precise cursor positioning, such as 
graphic artists, may find that a trackball 
helps with on-screen accuracy. 

Touch pads are stationary, as well, 
which makes them immensely popular 
on portable computers. These small 
pads respond to human touch, essen¬ 
tially making your finger a pointing 
device. Cirque's Cruise Cat Touchpad 
($69.95; http://www.cirque.com) is 
one example of a pad you can connect 
to your desktop computer. 

This touch pad has a "Touch 
Gestures" feature. With this feature 
engaged, the user simply draws a letter, 
suA as "F," to quickly launch a financial 
program, or "X" to close an application. 

Three "hot buttons" are integrated next 
to the touch pad surface; you can pro¬ 
gram these buttons to activate virtually 
any program or folder. If you're tired of 
wrestling with your mouse and don't find 
trackballs attractive, either, a touch pad may 
be what you're looking for. 

■ Joysticks & Gamepads. Traditional 
input devices, such as keyboards and mice, 
won't be falling by the wayside anytime soon. 
However, there are some cool devices on the 
prowl that help fill other needs. 

I Joysticks and game p'ads have been around 
for a long time. Their designs range from 
functional to downright funky. They appeal 
primarily to gamers, as they allow for more 
control than a mouse or a keyboard in action- 
oriented environments. 


Gamers can buy a good controller for less 
than $50. The InterAct HammerHead FX ($40; 
http://www.interact-acc.com) has a whop¬ 
ping 10 buttons, a directional pad, and two 
analog joysticks. That's a far cry from the old 
one-stick/two-button joystick that came with 
your ancient Tandy. 

Another eye-catching input device is Eye 
Control Technologies' NaturalPoint TrackIR 
($99; http://www.naturalpomt.com). This sys¬ 
tem's linchpin is an infrared transceiver that 
mounts to the top of your computer's monitor. 
You affix a tiny, silver dot to your forehead, 
and the TrackIR system uses the dot to relay 
your movements to the computer, which caus¬ 
es the on-saeen cursor to move. Hotkey com¬ 
binations control clicking, dragging, dropping, 
and other functions. 

This unorthodox concept was originally tar¬ 
geted toward users who struggled to use tradi¬ 
tional input devices. 


Its affordable price has attracted a share of 
curious onlookers, though, and will definitely 
appeal to anyone sick of their mouse. 

■ Digital Cameras. Pointing mechanisms 
and game controllers are important input 
devices. But the input device category spans a 
much broader range; even digital imaging 
products are considered input devices. 

Most digital cameras and many camcorders 
record images and video to flash memory 
cards, such as CompactFlash and SmartMedia. 
Still photos are typically stored as JPEG Ooint 
Photographic Experts Group) files; digital 
video is often kept in MPEG (Moving Pictures 
Experts Group) format. 


These file types consume a lot of memory. A 
typical JPEG image, for example, might take up 
more than a megabyte's worth of space, so 
transferring them to your computer via a cable 
is a high-bandwidth (data-intensive) function. 

It t^es even longer to input image data if you 
upgrade to a better camera. Multiple megapixel 
cameras create sharper images, which are neces¬ 
sary for printing film-quality photos on your 
inkjet. Midrange consumer cameras, such as 
the $449 Nikon Coolpix 775 (http://www 
.nikonusa.com), are fully capable and have a 
number of manual settings that greatly expand 
their flexibility. You'll only need a high-quality 
camera if you really want great photos for print¬ 
ing. Casu^ photographers can keep using their 
lower-end models. 

In addition to the ability to record short 
videos, a few digital cameras also have Webcam 
functionality. The QuickCam Traveler ($129.95; 
http://www.logitech.com) lets you take up to 
60 photos at a resolution of 640 x 480 pixels. As a 
Webcam, The Traveler includes software that 
"grabs" images from the camera periodically. 
The computer then sends those photos to a 
Web site for the viewer to see. 

More expensive dual-mode and Webcams 
perform better under varied lighting condi¬ 
tions. Better cameras have "extras," such 
as a built-in-flash, that will lower your 
frustration level if you use them often 
for stills. 

■ Scanners. Before digital cameras, there 
were scanners. Scanners used to be the only 
way for you to transport a photo to your PC, 
but even though cameras are taking over some 
of these responsibilities, scanners are still useful. 
Best of all, Aey're cheaper than ever. 

As with cameras, scanners record images 
and then save them in graphics files, often 
JPEGs, but sometimes even larger files, such as 
TIFF (Tagged Image File Format) files. 
Upgrading your scanner means higher-quality 
photos, faster scanning, and many more fea¬ 
tures to help you manipulate your images. 

The HP ScanJet 7400c ($499; http://www 
.hp.com) is a prime example. It's a sturdy scan¬ 
ner, with 2,400dpi (dots per inch) resolution 
and 48-bit depth capability suitable for almost 
any item you need to scan. Most users won't 
need this kind of scanning power. But if you 
often work with hard-copy material, a scanner 
upgrade is worth considering. 

■ Audio Input. As with image data, the 
quality of audio input depends on the quality 
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of the device you're using. Perhaps the most 
common audio input device shipped standard 
with systems is the wimpy, straw-like micro¬ 
phone. These cheap, flimsy devices may be OK 
for casual use, but if you make frequent 
Internet phone calls or use voice dictation soft¬ 
ware, an upgrade may well be in order. 

The good news is that microphones can 
be relatively inexpensive to upgrade. 
Labtec's Verse-514 (http://www.labtech 
.com) costs only $15, but it's a huge step up 
from the "speaker-on-a-stick" microphone 
that comes with most computers, meaning 
it's much, much sturdier. A better micro¬ 
phone means better sound pickup, too, and 
this one works well even if you're sitting sev¬ 
eral feet away. 

For users who are seriously immersed in 
voice technology, the $140 DSP 500 USB 
Gaming/Multimedia Headset from Plan- 
tronics (http://www.plantronics.com) is a 
huge step up from that cheap microphone 
that sits on your desk. One of the biggest 
advantages of the headset is that its micro¬ 
phone is only an inch or so from your mouth, 
eliminating much of the background noise 
that causes audio input problems. The ear¬ 
phones on your head make things easier to 
hear on your end, too. 

Audio input devices aren't for everyone. 
But the development and rise of multimedia 
will eventually demand that you have top- 
quality gear. If you use a lot of voice-related 
applications, then for you, that time may 
already have come. 

■ USB, IEEE 1394, infrared. The higher- 
bandwidth applications we've covered gen¬ 
erally aren't used with parallel or serial 


cables. These connection types don't have the 
power to deal with immense floods of data. 
That's why newer cabling options may better 
suit your needs. 

USB. Input devices need a way to push 
data from point A (input device) to 
point B (your PC). To do this, they 
normally use cables. The cable 
type that has attracted the most 
attention in the past few years 
is USB (Universal Serial Bus). 

USB is a cross-platform 
standard in the hardware 
industry for connecting pe¬ 
ripherals to a PC. This stan¬ 
dard's biggest advantages are 
ease of use and speed. 

USB lets you connect up to 
127 devices to one computer, 
which is far more adaptability than most 
users need. In addition, USB's data transfer 
rates are fast. USB 1.1 moves data at about 
12Mbps (megabits per second). USB 2.0, 
which isn't yet in widespread use, is much 
faster. At 480Mbps, it's nearly 40 times faster 
than USB 1.1. 

Compare that to the wide, 25-pin parallel 
port on the back of your computer. Older 
parallel port architecture had a maximum 
transfer rate of about 1.1Mbps. Although that 
speed was acceptable for dot matrbc printers 
in the 1980s, it isn't fast or flexible 
enough to handle the heavy 
data loads of devices 
such as digital 
cameras and other 
graphics-intensive 
applications. 

USB holds some 
other advantages 
over parallel, too. It 
is a "hot-swap¬ 
pable" connection. 


letting users buy top-quality devices, such as the HP 
7400c, on the cheap. 


your computer to have a faster connection. 
Thus, hardware gurus invented the IEEE 
1394 standard. 

Apple Computers developed FireWire, but 
it works on both Macintosh and Windows- 
based computers. It lets users move massive 
amounts of data in a short time, as much as 
400Mbps (about 50MBps [megabytes per sec¬ 
ond]). That's about 30 times the bandwidth of 
the USB 1.1 standard. 

That kind of speed isn't necessary for most 
peripherals. In fact, the cost of IEEE 1394 
makes it prohibitive for all but the most 
bandwidth-hungry devices, such as digital 
camcorders. If you do use IEEE 1394, though, 
it has some other pros. 

IEEE 1394 lets you connect up to 63 devices 
to one computer. IEEE 1394 devices are also 
hot-swappable. 

Infrared. Another transfer technology is 
one that's struggled to achieve prominence. 
It's called IR (infrared). This method uses 
infrared light instead of unwieldy cables to 
cormect IR-capable devices. For example, the 
XTNDAccess IrDA PC Adapter ($69; http:// 
www.extendedsystems.com) lets you move 
data back and forth between a portable and 
desktop PC. 

There are many other components that take 
advantage of the IR technology, such as 
printers and PDAs (personal digital assistants). 

At present, IR-capable input devices 
probably best suited 
for those people who 
— constantly transport 
different devices and 
don't want to deal 
with the hassle that 
is continually con¬ 
necting and discon- 
necting cables to 
and from devices. 


/ 


meaning you don't have to restart your com¬ 
puter to connect a USB device. Plus, there's 
only one kind of USB cable (USB A-B), mean¬ 
ing that you don't have to worry about buying 
the wrong kind of cable and that it's impossible 
to connect your input devices incorrectly. 

IEEE 1394. Although USB is much faster 
than parallel ports, USB version 1.1 is 
designed primarily for low- to medium-speed 
devices, such as mice, modems, joysticks, and 
other hardware that have relatively low data- 


On the other hand, data-intensive applica¬ 
tions, such as digital video editing, require 


■ Input Investigation. There are 
hundreds of fascinating possibilities for 
upgrading input devices. Even if your PC- 
upgrading ideas are hindered by budg;et 
concerns, investing a few bucks here and 
there may make a world of difference in your 
computing experiences. Take the time to 
explore the following articles and we'll show 
you how to make your slammin' new input 
device work to the best of its ability. @ 

by Nathan Chandler 
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Mice & Ik'ackballs & 
Joysticks! Oh, My! 


Trade In Pixie & Dixie 


coimected to mechanisms that turned those 
movements into electrical signals. 

Nowadays, mice function in a way that has 
nothing to do with rubber balls and rollers. 
Instead, a sealed unit directs laser light to the 
desk's surface. 

"It's a huge benefit not having a mouse 
ball," says Chris Bull, director of marketing 
for pointing devices at Logitech. "(The mouse 
balls) stick. They get dirty. They're a pain." 
Logitech, along with Microsoft, leads the 
pack in the optical mice field. All the bet¬ 
ter for the consumer, says Bull. 

Bull says optical mice work with 
the help of a minicamera. The cam¬ 
era, located in the bottom of the 
mouse, takes 2,000 pictures of your 
desktop per second and uses those 
pictures to measure your move¬ 
ments. By making relative compar¬ 
isons from one picture to the next, it 
knows where to display the pointer 
on a computer screen. 

Abolishing the tug-of-war many 
people experience with a short 
mouse cord, Logitech, in addition 
to other companies, released the 
cordless mouse. Because they don't 
use wires to send information to the 
computer, the cordless mice trans¬ 
fer data through radio waves to a 
receiver, a little like a garage door 
opener functions. 


■ On Track. Despite the conve¬ 
nience of cordless mice, many peo¬ 
ple choose trackballs. They find that 
trackballs navigate better than mice 
and ease the stress on the hands. 

Although most mice now have an 
ergonomic design, they still contribute to 
carpal tunnel syndrome. 

TTie trackball's roller rests on the top of the 
unit, minimizing the work your wrist has to do 
as you move the pointer around the screen. 
Although larger than most mice, trackballs 
conserve space because the roller remains sta¬ 
tionary. Trackballs give you greater control, 
mostly because they have larger roller balls 
than mice. And because they don't move over 
desks like those virtual magnets for dirt and 
grime, they aren't subject to the same failure 
rate as mice. 

Trackballs don't constitute the perfect solu¬ 
tion, however. The devices, with the exception 
of certain models, have been designed strictly 
for right-handed users. Trackballs also lack 


For Mighty Mouse 


P ity to all the poor people 
still using those tired old 
mice that came with their 
computers. They know better than 
anyone what it's like to swirl 
around on a gunky rubber ball 
with a bean-shaped piece of plas¬ 
tic with two buttons. Half the time 
they fight to get the mouse to 
communicate with the pointer on 
the screen, and the other half the 
pointer is following its own com¬ 
mands. Writing everything out 
longhand starts to sound easier. 

You have only one recourse: 
upgrade. With peripherals having 
nearly as many capabilities as the 
computers, mice, trackballs, and 
joysticks go out of date fast. And if 
you can't bring yourself to part with 
the small amount of money re¬ 
quired to update, you can at least 
make sure you get the most out of 
what you already have. 


■ Ciever Ciicking. By being 
clever, pointing devices have 
ingratiated themselves to comput¬ 
er users. They read the motion of 
your hand when it moves in arcs across your 
desk, clicks a button, rolls a scroll button, or 
accomplishes any other action and translate 
that movement into signals for the computer. 
The relationship between what your hand 
does and how the pointer on your screen 
moves seems fluid, but the pointer actually 
responds to thousands of super-fast signals 
that travel from the mouse to the computer. 
Each movement is digitized (stated in terms 
of Is and Os), and these are then coded into 
directions for the computer. 

Nearly everyone should be familiar with a 
mouse, which made its debut in the 1980s. 
Most mice come with at least two buttons and 
possibly a third, a scroll button in the middle. 


Unless you're a left-handed mouser and have 
changed the orientation of your device, the left 
button selects something on the screen, and the 
right button opens menus. You use the scroll 
button to move the vertical position of the 
page or window up and down on a screen. 

■ Mousing Around. Until fairly recently, 
the mouse exclusively traveled along the desk¬ 
top with the help of a hard rubber ball, which 
stuck out of the mouse's bottom and rolled as 
you moved it along your desktop. The ball 
moved against two perpendicular rollers that 
represented the x- and y-axes. These rollers 
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functionality of mice, which can have four or 
more buttons in addition to a saoll button in 
the middle. 

■ Joy Ride. Neither trackballs nor mice 
work very well for video games. Any serious 
gamer needs a joystick to really master 
her movements. 

In. the early days, most joysticks were little 
more than a box with a stick that moved on 
an axis and a button for firing. Now, joysticks 
provide more functions with specialized fea¬ 
tures. That old stick won't maneuver you 
through space or around a racetrack. Many 
high-end joysticks even give feedback to 
make it feel as if you're actually flying a plane 
or releasing bombs. 

Joysticks work in much the same manner as 
mice and trackballs, except they deliver com¬ 
mands through a stick, rather than a ball. Tim 
North, gaming product manager for gaming 
• and pointing device manufacturer Belkin, 
explains that a joystick isn't technically dissim¬ 
ilar to a radio in a '57 Ford. 

"It's like a radio dial on a car, where the 
stick rolls up and down the radio to show you 


Belkin’s GameMouse represents the new wave of gaming 
hardware. A hybrid mouse and game pad, the 

GameMouse performs like a Joystick hut also lets you 
play games that require a keyboard or mouse. 


what station you're on," he says. "But there 
are two dials that measure on the x- and y- 
axes." The two dials can pinpoint any place on 
a two-dimensional plane. Sensors inside the 
box of the joystick pick up where that point is 
and transfer the signal to the computer similar¬ 
ly to how the mouse does it. 

Digital joysticks, the ones that give your hand 
feedback in response to actions on Ae screen, 
transfer your movements into a computer chip 
that sits inside the box. Using a digital joystick is 
like holding a minicomputer in your hand, 
whereas an analog model is completely mechan¬ 
ical—no computer chips involved 

As sophisticated as they may be, joysticks 
are only used to play flight simulation and a 
few other games. North says he's seen some 
software available on the market that lets you 
use a joystick for ordinary computing, check¬ 
ing e-mail, for instance, but generally they 
have limited use. 

The latest trend swings toward game pads, 
the sort used with Nintendo or PlayStation 
consoles. These usually have minijoysticks, as 
well as a selection of buttons and switches. 
Belkin recently released a GameMouse, a 
hybrid mouse and game pad. A GameMouse 
lets you do nearly anything you can do with a 
joystick but also lets you play games that ordi¬ 
narily require a keyboard or mouse. 


Check Out Our Top Picks: 

Shopping For Mice & Trackballs 

Mice : Logitech MouseMan Dual Optical; j Logitech iFeel Mouse; $39; 

Less Than $50 ; $49; http://www.logitech.com j http://www.logitech.com 

Mice , Microsoft Wireless InteiliMouse ; Logitech Cordless MouseMan 

$50 Or More j Explorer; $74; ' Optical; 69; http://www.logitech.com 

I http://www.microsoft,com 

Trackballs | Microsoft Trackball Optical; $44; Microsoft Trackball Explorer; $74; 
http://www.microsoft.com http://www.microsoft.com 

Notes; 

The Logitech MouseMan Dual Optical mouse uses two sensors instead of one. 

The Logitech iFeel Mouse vibrates as you scroll over different items. It's a great fit for both left and right hands. 
Users operate the Microsoft Trackball Optical by thumb. 

The Microsoft Trackball Explorer is operated by index and middle fingers. 


"Joysticks are becoming a specialized tool," 
says North, explaining that most companies 
are creating tools of the GameMouse or game 
pad ilk. "I think it reflects a change in the 
gaming industry." 

If you're interested in upgrading your 
mouse to something you can use for more all- 
around computing, don't look to the joystick. 
Pay attention to the new breed of game pads. 



Are you a left-hander stuck In a world of 
rlghUes? Use the Mouse Properties dialog box 
to calibrate your mouse to fit you. 


■ Bargain Basement. When you decide 
you need to upgrade to the nifty market new¬ 
comers, a replacement doesn't have to drain 
your pocketbook. 

Right now, if you run down to the local 
computer equipment store, you can buy a 
new, basic mouse for less than $10. The 
ValuMouse 2 Button from Kensington, for 
instance, will put you back a mere $9.99, and 
FMI's Crystal Trackball sells for about $10. For 
$3 more, you can have the ValuMouse 3 
Button. Memorex has a comparable three-but- J 
ton mouse, called Scroll Mouse, for $4.99. If ! 
you were feeling really flush, you could have 
a new Microsoft InteiliMouse for less than $30. 

But who pays full retail these days? At the 
time this article was written, a quick search on 
eBay (http://www.ebay.com) showed the 
asking price for a Kensington ValuMouse 
Scroll Mouse (a step up from the three-button 
option) was $5.99. The InteiliMouse Explorer, 
for which Microsoft is charging $60 retail, 
brought $15.50 on eBay. You can also find 
cheap deals by using a comparison shopper, 
which scours online retailers for the best 
prices. Price Watch (http://www.pricewatch 
.com) has page after page of listings of prod¬ 
ucts, which you can group by the best price. 
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PriceGrabber.com (http://www 
.pricegrabber.com) also looks for 
rock-bottom prices. 

■ Installation & Customiza¬ 
tion. Installing a new peripheral is 
often just a matter of plugging a 
cord in a slot, hardly any different 
than hooking up your hair dryer in 
the morning. Plug-and-Play fea¬ 
tures in OSes (operating systems) 
from Windows 95 and later mean 
you don't have to follow many spe¬ 
cial instructions for attaching the 
input device. 

Get started by determiiung what 
kind of connector the peripheral has. 

The package the device came in 
should tell you if the device has a 
PS/2, serial, or USB (Universal 
Serial Bus) interface and with which 
OSes it will work. 

Device descriptions. The most common 
interface for most pointers is PS/2. If you pick 
up a random mouse or keyboard cord and 
look at the end, chances are it will be a circle 
with sb( pins inside. The serial interface is less 
common. You'll recognize it by its trapezoid 
shape with 9 pins encased. The newest con¬ 
necter is the USB, a rectangular slot with no 
pins inside. Pointers with a USB connector 
work only on Windows 98 and later. 



such as Logitech have a large numher of mice 
from which to choose so you don’t get trapped 
with the tirod old mouse that came with your PC. 


You'll see corresponding ports for these 
cords in the back of your computer. Joysticks 
and game pads plug into the gaming slot, 
often part of a sound card. If you find that you 
don't have a port that matches the connector 
for your new mouse or joystick, you'll have to 
buy an adapter. 

Install. To install your input device, close 
all programs, shut down your computer, and 


insert the cord into the appropriate port in 
the back of your computer. You won't have 
to uninstall your current device. Turn your 
computer back on. The instant your comput¬ 
er comes on again, it will recognize the new 
hardware and guide you through a set of 
on-screen instructions for installation. 

If you're using a USB device, even better: 
You don't need to turn off your computer. It 
automatically recognizes the new hardware, 
and you just sit back and let it work. In many 
cases, you don't even need to install all the 
necessary drivers, as the right and left but¬ 
tons generally work as soon as you've 
plugged in the mouse. 

If you are using a PS/2 or serial device, 
however, you'll need to follow the on-screen 
directions to fully install the devices. Just 
have the CD that came with your new pur¬ 
chase handy so you can insert it when 
prompted. This CD contains the drivers, 
which are the instructions that tell the com¬ 
puter how to operate with the new piece of 
equipment. You can also download drivers 
from the manufacturer's Web site, in which 
case you would direct the Hardware Wizard 
to the folder where you saved the informa¬ 
tion rather than a CD. 

TTie CD also contains software that helps you 
customize your pointing device, no matter if the 
pointing device is new or old. And this, says 
Logitech's Bull, is where many miss an opportu¬ 
nity to upgrade without buying anything new. 

"When they get their mice, especially with 
the advent of USB, most people don't even 
load their drivers. But if you load the 


software that comes with the 
mouse, and take five or 10 min¬ 
utes to go through the settings, 
you can have a much better tool." 

He says that most manufactur¬ 
ers offer upgrades to their soft¬ 
ware that let you assign different 
tasks to your mouse. For in¬ 
stance, you can program the 
scroll bar roller on the mouse to 
execute a particular function, 
such as opening up a Web page. 
Or left-handed people can change 
the orientation of their mice 
buttons so they can switch from 
the default right-handed configu¬ 
ration. You can assign different 
tasks to joysticks, as well. You 
might want to make one button 
fire, while another changes the 
display's point of view. 

Users can do some customizing to their 
current mice or trackballs by going to the 
Start menu, selecting Settings, and then 
Control Panel. Open the Mouse control 
panel. The contents of this dialog box let you 
do everything from change the appearance of 
your pointer to how fast your mouse 
responds to your movement. 



Microsoft’s IntelliMouse Is one of the new wave 
of mice that eliminate the need for that little 
rohher hall that douhles as a dirt magnet 


■ The Next Step. This is just the beginning. 
The wide range of tasks you can accomplish 
with your mouse, trackball, or joystick is likely 
to expand exponentially in coming years. The 
PC market has been fairly flat for the past cou¬ 
ple years, but the growth for mice has been 
around 20%. 

"Having better products is a key reason," 
says Bull. "Pointing devices are getting better, 
and this is an inexpensive way to have a better 
computing experience." (MJ 

by Monique 1. Cuvelier 
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Keyboards 

The A-S-D-Fs Of Picking The Peripheral 


M ost all computer systems purchased 
at retail outlets or through catalogs 
include a keyboard, albeit a very 
basic, inexpensive model. When it comes time 
to replace an old or broken keyboard, or 
upgrade to a better version, which model 
should you choose? Is there one best keyboard 
for everybody? Hundreds of keyboards litter 
the market, and different types of computer 
users require very different types of key¬ 
boards. Consumers need to arm themselves 
with some basic knowledge about what to look 
for when choosing the best keyboard for them. 

■ Fancy Keys. Keyboards come with all 
sorts of options and many different configura¬ 
tions. For the most part, though, every 


keyboard is built with the same technology. 
You can purchase wireless keyboards that use 
radio frequencies or infrared signals, expen¬ 
sive ergonomic keyboards with alien-looking 
designs and prices soaring past the $1,000 
mark, or specialized keyboards to accommo¬ 
date different typing styles. Or you can stick 
with a plain-Jane $10 keyboard that gets the 
job done. Cynthia Marvel, the input devices 
product manger for Belkin Components 
(http://www.belkin.com), says the options 
you ask for determine a keyboard's price. 

"It depends on the level of the keyboard— 
the sophistication of the keyboard. If you just 
have a standard keyboard, it's 107 keys. 
There are no multimedia keys, there's no 
special functionality; it is just a straight 



keyboard, just like you get out of the box if 
you buy a system. There's no bells and whis¬ 
tles, it's just Boom! you're done," says Marvel. 
"Then you have keyboards that you can step 
up to—a keyboard that has multimedia keys 
that allow you to, from your keyboard, run 
multimedia or internet applications by 
one-button touch. You have split-key key¬ 
boards that are ergonomic in style that are 
more expensive. And the reason those are 
more expensive is primarily because of the 
manufacturing cost, because of the design." 

■ On The Bus. As with every other com¬ 
puter component, keyboards have their own 
terminology, and the most important let¬ 
ters/numbers to know are USB (Universal 
Serial Bus) and PS/2, the plugs the keyboard 
uses to connect to the computer. The PS/2 
plug has a round metal end with 6 pins, and 
the rectangular USB plugs into a flat slot. 
Every new PC should house both, so which 
one you use is a matter of preference. 
Another factor to consider, suggests Marvel, 
is that manufacturers seem to be moving to 
use only USB ports for keyboards. 

"Any PS/2 keyboard, any keyboard with a 
PS/2 connector, will work out of the box with 
no drivers," says Marvel. "If you have a PS/2 
keyboard that has multimedia keys, the key¬ 
board itself will function out of the box, but in 
order to use the multimedia keys, you must 
install the driver (which would always be 
included with the keyboard). 

"USB is typically a little bit more expensive 
but not by much... But definitely I would go 
the way of USB. It's Plug and Play. You've 
got standards in place from one manufacturer 
to another manufacturer, everyone has to use 
the same standards when they manufacture 
USB products." 

Tired of wires? There are two types of wire¬ 
less keyboards; IR (infrared) and RF (radio fre¬ 
quency). IR keyboards operate much like a 
remote control for a TV or stereo. The unit 
uses infrared beams and has to be pointed 
directly at the receiver for it to commuiucate 
properly. Wireless keyboards that use RF tech¬ 
nology, on the other hand, don't require that a 
keyboard even be in the same room as the 
computer (although it definitely helps). The 
keyboard uses radio waves to send informa¬ 
tion to the receiver. Interlink Electronics 
(http://www.interlinkelectronics.com) sells 
an RF wireless keyboard for $249, and 
Logitech (http://www.logitech.com) sells its 
version for $59.95. 
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To find out what your current keyhoard is, go to the Controi Panel and 
double-click the Keyboard icon. 


„ What Oo You Really Need? 

Spending top-dollar on an expensive 
keyboard with all sorts of bells and 
whistles isn't always a wise invest¬ 
ment. Consumers have long been 
trained to look for the highest-quality 
computer components they can 
afford, but with keyboards, it's more 
important to choose a model that fits 
your computing needs. 

Someone who only uses her com¬ 
puter a couple times a week for a few 
minutes at a time to check e-mail or 
write letters, for instance, probably 
i shouldn't worry about buying a $300 
keyboard with advanced multimedia 
controls and a sophisticated ergonom¬ 
ic design. It would be the equivalent 
of using an aircraft earner to larmch a 
paper airplane. 

Marvel suggests beginning computer users 
stick with a low-end keyboard, in the $10-$15 
price range, before upgrading to something 
more advanced. Otherwise, consumers will 
end up getting stuck with something that is far 
too powerful for their needs or contains 
options they don't really need. 

"It's like buying a gym set. You have every 
intention in the world of using the dam thing, 
but then it just collects dust and you use it as a 


hanger," says Marvel. "It's better to either use 
the keyboard that came with (your system) 
because it's usually a low-end model anyway, 
or if you need to get one, get a low-end model 
and then see what your usage is going to be." 

On the other hand, someone who uses his 
computer to play music downloaded off the 
Internet, regularly browses the Web for hours 
at a time, or does a lot of data entry work 
should consider upgrading to a more 


advanced keyboard that offers 
shortcut keys and additional multi- 
media capabilities. 

"Are you going to be a heavy 
Internet user and do you open a lot 
of Web pages, things like that? If you 
do, then at some point you're proba¬ 
bly going to want to upgrade to' a 
model that has some multimedia 
keys so that you can have one-button 
access," says Marvel. "Or maybe you 
become this big computer person 
and you need to have all the bells 
and whistles: the CD-R [CD-record¬ 
able], the DVD player... then you're 
going to want to use a keyboard that 
has multimedia functions, again 
because it eliminates keystrokes. 
With just one push of the button you 
can turn up the volume on the CD 
you're playing in your CD." 

■ The Right Keybpard. Once you deter¬ 
mine what sort of functionality you need in a 
keyboard, the next challenge is actually pick¬ 
ing one that works best for you. Walk into 
any computer retail store or pick up any 
computer catalog and you'll see dozens of 
models, but that's just the tip of the iceberg. 
Log onto the Internet and search for key¬ 
boards. You'll find literally hundreds of 
models from which to choose. 

As a general rule, don't be afraid to purchase 
computer equipment online, but make sure you 
do a little extra research before spending money 
at an online store with which you're unfam¬ 
iliar. Petey's Possum Parts and Computer 
Components Center might seem professional, 
but if trouble arises, you may discover the cus¬ 
tomer service staff is permanently on vacation. 

Who makes them. For the most part, a 
handful of companies dominate the keyboard 
industry (Microsoft, Logitech, Belkin, and 
Fellowes), and smaller outlets fill in the gaps 
with more specialized models or alternate 
layouts. Creative Vision Technologies 
(http://www.cvtinc.com) is a lesser-known 
company that manufactures highly special¬ 
ized keyboards. 

Tom Henderson, the company's president, 
explains that the company, which also manu¬ 
factures its own brand of computers, wanted 
to create a heavier, programmable keyboard 
that was easier to use for people who do a lot 
of data entry work. So it created the Avant 
line of keyboards, which uses a solid metal 
backing and mechanical switches under each 


Check Out Our Top Picks: 

Shopping For Keyboards 

Less Than i Belkin Classic 
$25 ■ Keyboard; $22.99; 

; http://www.belkin.com 
$26 To ' Microsoft Office 

Less Than Keyboard; $64.95; 

http://www.microsoft.com 

Gyration Wireless RF 
Keyboard; $199; 
http://www.gyration.com 


Notes: 

The Gyration Wireless RF, Logitech Cordiess Freedom, Logitech Cordiess Freedom Opticai, and Memorex 
RF5000 Wireiess use RF (radio frequency) technoiogy for 
wireiess interaction. 

Aii of the keyboards above are PS/2 with the foiiowing exceptions: 

Beikin Classic Keyboard is AT or PS/2. 

Gyration Wireiess RF Keyboard is USB (Universai Serial Bus). 

Logitech Cordiess Freedom, Logitech Cordless Freedom Optical, Logitech Internet Navigator, and Microsoft 
Office Keyboard are USB or PS/2. 


$76 To 
Less Than 
$200 


; Fellowes 104 Key Basic 
I Keyboard; $17.99; 

I http://www.fellowes.com 
; Logitech Cordless 
, Freedom Keyboard; 

I $59.95; http://www.log- 
j itech.com 
I Logitech Cordless 
i Freedom Optical 
j Keyboard; $99.95; 

! http://www.logitech.com I 


I Belkin Standard 107 
j Keyboard; $9.99; 
i http://www.belkin.com 
; Logitech Internet 
Navigator Keyboard; 
i $29.95; http://www.log- 
; itech.com 
I Memorex RF5000 
i Wireless Keyboard & 
Mouse; $79.99; 
http://www.ememorex.com 
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The MaHas Corporation makes a 
half keyboard that Is 
good for hand-held organizers 


of the keys to produce a noticeable clicking 
sensation and sound. 

"The majority of keyboards—if not all the 
keyboards—made on the market that I'm aware 
of around the country today are made on a plat¬ 
form using membranes below the keys. So you 
get a very mushy feel," says Henderson. "The 
keyboards are usually enclosed in plastic (and 
are) very lightweight. They slide. They move 
around on your desktop quite easEy and they're 
considered throwaway items. So they may cost 
$6-$20 to manufacture. And when they wear 
out, you throw them away. You get another one. 
The Avant keyboard line is more of a throwback 
to the old days when keyboards were a higher 
quality input device." 

Ranging in price from $149 to $189, the 
Avant keyboards are also fully programma¬ 
ble, a feature that lets multiple people 
use the same computer terminal with their 
own individual settings. Henderson says fea¬ 
tures such as this made the Avant keyboard 
very popular with call^centers and medical 
transcribers. 


"If people want a high-end keyboard that's 
going to stick with them PC to PC to PC, this is 
it," says Henderson. "And we'll save them a lot 
of trouble. We'll make typing faster, easier, more 
accurate. Because you Imow you've got the key 
selected, you can tell when you're typing and 
never have to check and see if you hit the key." 

Strange keys. Not interested in a heavier 
keyboard that clicks? How about a half-sized 
keyboard for your handheld organizer or home 
computer? The Matias Corporation (http:// 
www.halfkeyboard.com) sells a very distinctive- 
looking keyboard for $99. The keyboard looks as 
if someone smashed a standard keyboard on a 
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rock. The halfkeyboard 
requires the user to 
learn a new way of 
typing to be able to 
use it properly. 

"With one hand on 
the keyboard and the 
other on the stylus or 
mouse," the compa¬ 
ny's Web site suggests, 

"switching between 
the two is fast and 
easy, resulting in a 
system that's actually 
more efficient for data entry than a standard 
desktop computer." 

■ Go All Out For anyone who just can't stand 
the idea of spending anything less than a 
fortune on a new keyboard, perhaps a visit to 
the DataHand Systems' Web site (http://www 
.datahand.com) will offer some relief. There, 
customers can purchase the ultimate ergonomic 
keyboard with the most advanced technology 
available this side of a rocket ship, 
and it only costs $1,295. 

"No other keyboard is as 
adjustable to fit the size and shape 
of each person's hands, even if a 
person's hands are different from 
each other," proclainas the compa¬ 
ny's Web site. "While other key¬ 
boards require finger and hand 
movement to find lineally located, 
ergonomically inadequate key 
positions, the DataHand keyboard 
places all the keys within a short 
reach ef the tips of the fingers." 

The end result is a keyboard 
that looks like it was beamed back 
in time from some alien race. 
Many of the ergonomic keyboards 
that people can locate online are 
unique-looking. The Kinesis Corporation 
(http://www.kinesis-ergo.com) sells a couple 
different models of keyboards that would look 
strangely out of place in any stodgy insurance 
office. Their most expensive model costs $395. 

You look mahvelous. If functionality isn't 
quite as important as looks, consumers shopping 
for a distinctive keyboard should swing by the 
Web site for the Beverly Hills-based Oberhofer 
Hand Crafted Computers (http://www.ober 
hofer.com) where they can buy a solid-wood 
keyboard for $400. The company also makes 
keyboards coated with a decorative finish that 
mikes them look like they're constructed out of 


other materials, such as wood, leather, and leop¬ 
ard skin. These decorative keyboards retail for 
$100 to $200, depending on whether a customer 
wants a wireless model or one with a cord. 

"It's a fashion-oriented product," explains 
David Balk, Oberhofer's vice president. "The 
skill set of a computer retailer is selling tech¬ 
nology. So the sales staff at those stores under¬ 
stands about pbcels and features of the mouse 
and features of the keyboard ... They don't 
know the difference necessarily between cher¬ 
ry and mahogany and maple." 

The company has many celebrity clients 
including boxer Oscar de la Hoya and "Forrest 
Gump" producer Steve Tisch. Its products 
have also been prominently featured on the 
NBC comedies "Just Shoot Me" and "Will & 
Grace" and can be seen in the films "White 
Oleander" and "Ocean's Eleven." 

"Anything that can be done graphically with a 
four-color process, we can do and decorate, but it 
obviously needs to be justified by a volume 
order," says Balk. "(But) it allows us to be very 
much on the cutting edge of the fashion business 
and to bring that to the computer business 
which, for the most part, has not had any fashion 
sense other than some color translucent plastics." 

■ Your Style. Regardless of what keyboard 
you decide to choose, however, the most 
important thing is that you are comfortable 
with it. Marvel suggests that customers should 
check the manufacturer's return policy. If 
you're going to spend any significant money 
on a new keyboard, you should expect to be 
happy with your purchase, at least for a couple 
years until it's time to buy another new one. 

"People replace their keyboards and mice 
more than they're going to replace their CPU," 
says Marvel. "It's just personal preference. It 
really is." ® 

by Andrew Rodgers 





















Scanners 

How Much Power 
Do You Need? 


I n 1987, Microsoft, Aldus, DEST, and 
DataCopy joined forces to develop TIFF 
(Tagged Image File Format), a scanner 
standard that made possible the expansion of 
the digital scanner market. Since then, only 
Microsoft remains a major player in the 
industry. Aldus, the Seattle-based developer 
of PageMaker desktop publishing software, 
was absorbed by graphics giant Adobe 
Systems. Both DEST and DataCopy scanner 
manufacturers went out of business. 

With TIFF, Microsoft's three partners cer¬ 
tainly left their mark on the home computing 
world. The development of the flexible public 
domain scanning format enabled home com¬ 
puter users to take advantage of scanning tech¬ 
nology—a technology formerly limited to large 
printing and engineering facilities. 

But it wasn't until 1994 that home scan¬ 
ning truly broke into the home computing 
market. At that time, Hewlett-Packard had 
sold more than 2 million scanners and held 
45% of the scanner market share, and accord¬ 
ing to think tank iMB Solutions, 250 million 
scanners were in use worldwide in 1994. At 
that time, however, the National Science 
Foundation reported that oi\ly 24% of house¬ 
holds had home computers. 

Since that time, computer usage at home 
has taken off. With computers in more than 


40% of U.S. households 
today, it stands to reason 
that home users are look¬ 
ing for more functional 
and creative ways to use 
their PC. 

Scanners add both 
functionality and creativ¬ 
ity to any home PC sys¬ 
tem. Manufacturers have 
anticipated the demand 
and have flooded the 
market with myriad scan¬ 
ning devices for home 
and small office use. 

Just like the rest of the 
electronics market, scanner prices 
are dropping while functionality increases. But 
how much scanner do you really need? 
Scaimer manufacturers tout features' such as 
bit depth, dpi (dots per inch) resolution, and 
dynamic range. 

Accordingly, styles and options abound. Do 
you want a flatbed, sheet-fed, or handheld 
scanner? What dpi resolution is best? Will you 
be scanning photos and text? Do you want to 
preserve documents for editing later? And 
how much do you want to spend? Before you 
make any decisions, it helps to know a bit 
about the technology that drives scanners. 





Check Out Our Top Picks: 

Shopping For Scanners 


$100 To 
$149 


$150 To 
$249 


$250 To 
$500 


Astra 4400; $99; 
Umax; http://www 
.umax.com 
CanoScan N1240U; 
$199; Canon; 
http://www.canon.com 
CanoScan D1230UF; 
$299r Canon; 
http;//www.canon.com 
Scanjet 7450c; $699; 
Hewlett-Packard;http:// 
www.hp.com 


Perfection 1250 Photo; 
$149; Epson; 
http://www.epson.com 
Scanjet 4470c; $199; 
Hewlett-Packard; 
http://www.hp.com 
Scanjet 5490c; $399; 
Hewlett-Packard; 
http://4wiw.hp.com 
Scanjet 7490c; $999; 
Hewlett-Packard; 
http://www.hp.com 


Scanjet 4400c; $149; 
Hewlett-Packard; 
http://www.hp.com 
Perfection 1650 Photo; 
$249; Epson; 
http://www.epson.com 
Scanjet 7400c; $499; 
Hewlett-Packard; 
http://www.hp.com 
Expression 1680 Pro; 
$1,149; Epson; 
http://www.epson.com 


■ Shed Some Light & Coior. To the casual 
observer, scanners, especially the flatbed ver¬ 
sion, function much the same as the office 
copy machine. You lift the lid, place your 
photo or document on the glass, close the lid, 
and press a button. A light bar glides over the 
document or image and transfers a digital 
copy to your computer. 

The image transferred to your computer is 
a digital binary image made from data points 
that the scaimer's light bar recorded. The light 
bar detects the light reflected from the origi¬ 
nal document. The darker the original, the 
less light it emits. The lighter the image, the 
more light it emits. 

The scanner's light bar is comprised of a 
series of electronic eyes that break the image 
up into a grid pattern as it scans. Each scanner 
eye analyzes the light reflected from its portion 
of the grid and sends the information to your 
computer as binary code. The computer then 
"stitches" all the grids together, translates the 
binary code, and presents you with a virtual 
copy of the original document or photograph. 

Bit depth. Scanner manufacturers try to 
impress buyers with bit depth capabilities of 
its product. Bit depth (noted as x-bit) refers to 
how many distinct colors a single scan can 
translate. A few years ago, 24-bit was consid¬ 
ered a high-end scanner; the latest crop of 
scanners to hit today's market touts 48-bit 
capabilities, with 32-bit or 36-bit scanners con¬ 
sidered midrange. 


Learning Series / PC Upgrades 15 














Do you need a 42-bit scanner? 
Unless you are scanning precious 
artwork that you'll be transfer¬ 
ring to high-quality art paper, 
the answer is no. The most 
graphically advanced home PCs 
and monitors can only translate 
and display 32-bit color. As for 
the average home scanner, a 32- 
bit scanner does the job. Even 36- 
bit scanners, which are priced 
competitively, are overkill. Plus, 
a 36-bit scanned image takes up 
proportionally more disk space 
than a 32-bit scan. In the interest 
of both financial and data storage 
economy, less is probably best. 


■ DPI. Another feature mar¬ 
keters like to boast about is resolu¬ 
tion, expressed as dpi. The higher 
the dpi number, the more dots per inch the 
scanner uses when interpreting the image. 
Scanner dpi capabilities range from a low of 
300 to a high of 1,200. Again, most users will 
not reap significant gains for resolutions of 
more than 600dpi because output (Web and 
print) usually doesn't exceed 600dpi. 

High-end laser printers output at 1,200dpi, 
but these are quite expensive and most likely 
found in office buildings. Home black-and- 
white laser printers have an output of 600dpi, 
300dpi for home color printers. For compar¬ 
ison's sake, consumer magazines are printed at 
an equivalent to 200dpi. 

You should base your scanner needs on 
two criteria: the printer you already have (or 
are planning to buy) and the software you 
plan to use (which you should also choose 
before buying a scanner). 

Typically, you can learn 
what resolution your printer is 
by printing a test page. A five- 
year-old HP LaserJet 5L has a 
device resolution of 600dpi, and 
a year-old Lexmark inkjet print¬ 
er claims 1,200dpi. But realisti¬ 
cally, both printers print at the 
same 600dpi resolution. 

In a nutshell, color printers 
use four inkwells to create 
color. Each color the scanner 
sees is made from one of the 
four inks in the printer (cyan, 
magenta, yellow, or black). The 
more complex the color, the 
more dots of ink needed to 


print the correct hue that our eye sees. 
Therefore, more dots are needed per inch to 
create a color image than are needed to create 
a black-and-white image. 

A good rule of thumb is to divide the color 
inkjet printer's advertised dpi by two to get 
its true dpi. So, the 1,200dpi Lexmark printer 
actually renders 600dpi in true printed color, 
which is more than sufficient for printing 
photographs and other complex documents. 

As with bit depth, scanner resolution does¬ 
n't need to be any greater than your printer 
can handle. A 600dpi scanner should be more 
than adequate for home users. 

■ User Interfaces. Some scanners on the 
market boast "quick start" buttons, such as 
picture, e-mail, OCR (optical character 


recognition), and black and 
white, right on the scanner con¬ 
sole. These buttons are short¬ 
cuts to features that are built 
into all scanners. They're great 
additions and timesavers but, in 
our estimation, not worth pay¬ 
ing more for because each fea¬ 
ture is only a few clicks away. 

One feature we feel is worth¬ 
while is the expanding lid option 
found on many scanners. This 
option lets users scan bulky items, 
such as books and 3-D objects, 
because the lid hinge has exten¬ 
ders. Older scanners do not have 
this option, and scanning pages of 
books is often frustrating. 

Although all scanners require 
DC (direct current) power, some 
are eliminating the traditional 
power cord in favor of supplying power 
through the USB (Universal Serial Bus) con¬ 
nection. Any feature that eliminates a cord, in 
our estimation, is a definite plus. But, if your 
present scanner captures at least 300dpi and is 
easy to use, none of the above bells and whis¬ 
tles are reason to upgrade. 

Most home scanners are packaged with 
software that makes the scanning experience 
easy and fun. Examine the software titles 
bundled with the scanners on your wish list 
and use the software as a tiebreaker between 
similarly featured devices. Chances are, you'll 
be able to find a scanner that fits your budget, 
computer, and needs. 

■ The Buying Season. The best time to 
purchase a scanner is when it is bundled with, 
or offered as, an incentive with a 
new computer. 

Given the criteria listed 
above, some scanners can be 
bought for as little as $40 (with 
mail-in rebates and bundled 
incentives). When you buy a 
bundle, you can be certain that 
the scanner you get is compati¬ 
ble with your computer hard¬ 
ware and printer setup. 

Also, chances are the software 
will already be installed, and 
connecting the scanner will just 
be a matter of connecting the 
device to the computer and 
plugging it into a power source 
if required. 
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At Nonags.com, you will be able to find freeware versions of several 
graphics-aditing tools that will help you whip your scans Into shape 
without paying a lot of money to get them there. 
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But if you're only in the market for a scan¬ 
ner, the most advantageous time to buy a 
scanner—much less any peripheral—is right 
before the new models are introduced. Most 
manufacturers discount year-end models to 
move them as oftentimes the newer model is 
simply a facelift upgrade. A scanner that 
costs $100 in late August might be reduced to 
$70 (or less) in October to make way for 
newer merchandise. 

If you've done your research and want to 
wait for the newer model, check prices care¬ 
fully. Some online shops offer bargain prices, 
I while others aren't any less expensive than 
i the local computer outlet. If you're a con- 
i: sumer who requires service, purchasing your 
scanner close to home gives you peace of 
mind; if you're confident in your installation 
and maintenance skills, find the best deal you 
' can, whether online or at a brick-and-mortar 
establishment. 

A budget option. If 
you need to invest in both 
a new printer and scan¬ 
ner, a viable alternative is 
an all-in-one machine that 
supplies fax, copier, scan¬ 
ner, and printer func¬ 
tions. These have been on 
the market for several 
years but have just re¬ 
cently broken the $200 
price barrier. Lexmark's 
, X73 retails for $149.99 
and offers photo-quality 
printing, 48-bit color 
scanning, 2,400 x 1,200 
dpi printing resolution, 
and full copier functions. 


■ Installation. Scanners typically come 
with one of three connection interfaces: par¬ 
allel port, USB port, or SCSI (Small Computer 
System Interface) connection. 

The least desirable is a parallel port 
because a parallel connection could cause a 
conflict with, or take resources from, your 
printer. A SCSI interface requires that you 
open the back of the computer and install a 
SCSI card, but it also affords you a dedicated 
connection for the scanner. 

Most new computers 'come with at least 
two USB ports, and multiple USB hubs can 
add two to four extra connections to your 
machine. In our estimation, the USB interface 
is the easiest and least intrusive way to install 
your new scanner. 


Before installing, read the directions and 
ensure that all the parts and software listed 
are with the device. Put the CD that came 
with the scanner in the drive and follow the 
on-screen directions for installing the soft¬ 
ware. Do this before plugging in the scanner 
so that the correct drivers are in place before 
your machine has to recognize the new 
device. With Windows 98/Me, the Plug-and- 
Play feature should automatically find the 
scanner and finish the installation after you 
connect the scanner to the computer. With 
older scanners or OSes (operating systems), 
continue to follow the on-screen directions to 
complete the installation. 

If you are upgrading your scanner, remove 
the old scanner software and drivers, especial¬ 
ly if the new scanner is the same brand as the 
old. Because driver files for peripherals are 
updated regularly, old drivers could cause a 



If you’re financially connnitted to your scanning endeavors, check out one of the host, 
Adobe’s Photoshop (http://www.adohe.coin/products/photoshop/main.htnil). 


You can also upgrade the software you use 
with your scanner. Although the scanners 
come with bundled software, often the pack¬ 
ages don't supply a lot of pop. A nicely orga¬ 
nized freeware site. Nonags (http://www 
.nonags.com/nonags) offers several fully 
functional graphics-editing freeware tools. 
Visit the home page, scroll to the Graphics 
subhead, and click Graphics Editors. Read 
the descriptions and choose the freeware that 
best suits your editing needs. 

Upgrading your photo-editing or graphics 
software can also enhance your scans. Adobe 
(http://www.adobe.com), Corel (http:// 
www.corel.com), and Ulead (http:// 
www.ulead.com) are all software manufac¬ 
turers that offer several versions of compre¬ 
hensive photo-editing software. Most also 
offer fully functional trial downloads, so you 
can try before you buy. Microsoft offers a 
photo-editing package 
called Picturelt that is 
sufficient for home scan¬ 
ning and image-editing 
tasks. Adobe also offers 
an inexpensive home 
user package called Pho- 
toDeluxe and an interme¬ 
diate package (Photo 
Elements) that take ad¬ 
vantage of the powerful 
layering and editing fea¬ 
tures of the high-end 
Photoshop software. 

Hardware add-ons for 
scanners are few and are 
probably not worth the 
money for the upgrade. 
You can add business- 


driver conflict with the new scanner or scanner 
drivers. If prompted, restart your computer to 
complete the installation. 

Caring for your scanner. Keep the glass 
surface and underside of the lid meticulously 
clean. Use a soft, lint-free cloth to wipe the 
glass and lid and compressed air to clean 
around quick start buttons. 


■ Low- & No-Cost Upgrades. Current 
scanner owners and newcomers to scanning 
alike can upgrade their scanner simply by 
downloading the most current version of the 
scanner's drivers from the scanner's manu¬ 
facturer's Web site. In fact, keeping the dri- by Cathy Coffman 
vers current, especially if you upgraded your 
OS, is one of the best ways to improve your 
scaiming experience. 


card scanner or slide scanner options. Unless 
you are planning to scan a large amount of 
slides, it would be better to take your slides 
to a photo store for laboratory scanning. 

■ Ready To Scan. Scanning has come out 
of the prepress production offices and into 
the homes and businesses, thanks to the 
advent of. the personal computer. Choose a 
scanner that fits your needs, and chances are 
you'll get more than you bargained for in 
terms of functionality, ease of use, and cre¬ 
ative options. ® 
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Digital Cameras 

See A Better Picture 


W ith rising resolution and falling 
prices, the rapid advancement of 
digital camera technology keeps 
many digital photographers in the tluoes of 
Chronic Upgrade Fever, itching to have the lat¬ 
est and greatest, dreaming of megapixels, * 
MPEG (Moving Picture Experts Group) 
movies, and more memory. Although this 
fever has no cure, the upgrade information in 
this article provides a temporary antidote. 

■ Benefits. First off, decide what you hope, 
to gain from an upgrade. Faster transfers from 
camera to computer? The ability to make larg¬ 
er prints? Easier operation? When you identify 
your expectations, you make the best, most 
cost-effective upgrade decisions. 

Many digital cameras more than two years 
old upload their images to the PC through a 
serial connection (the slowest connection on 
the computer), making for sluggish image 
transfers. If you have such a camera, you may 
think of it as slow and obsolete, but we know 
the road out of the slow lane. 

Many of these cameras use removable 
memory, such as CompactFlash or Smart¬ 
Media, that's often referred to as "digital 
film." For a low-cost upgrade that can yield a 
dramatic improvement in transfer speed, add 
a digital film reader to access the images 
your camera captures, instead of using a 
direct camera-to-computer connection. These 
readers usually connect to the computer 
through a USB (Universal Serial Bus) connec¬ 
tion, which transfers information much faster 
than serial and parallel ports do. Users find 
USB more convenient because the device (which 
is independent of the camera) can remain con¬ 
nected to the computer all the time. 

Companies offer floppy diskette adapters 
that have receptacles for these various mem¬ 
ory cards for less than $50. If transfer speed 
is the main motivator in your upgrade quest, 
you can improve your situation without 
much cash outlay. 

■ Higher Resolution. Resolution is essential¬ 
ly a measure of the amount of detail that can be 
packed into a digital image. Tiny dots called 
pixels make up these images. A resolution of 


1,600 X 1,200 means that the 
image is 1,600 pixels wide and 
1,200 pbcels tall, for a total pixel 
count of 1,920,000. When classi¬ 
fying the resolution capability 
of a digital camera, we round 
up this total (1,920,000) for the 
sake of convenience and refer to 
it as 2 megapixels. One million 
pbcels equal 1 megapixel. 

In 1998, digital cameras 
sporting resolutions of 1 mega¬ 
pixel created quite a stir, but 
companies now sell 1-megapix¬ 
el cameras only as low-end 
units, primarily targeted toward children. Two 
megapixel units have become plentiful and 
much more affordable. You fincl 3-megapbcel 
models now common, with 4-, 5-, and even 6- 
megapixel cameras inching closer to afford¬ 
ability for consumers. If you're into digital 
imaging, these are exciting times. But how 
much resolution do you really need? 


■ Relative Resolution. If your digital 
images are only intended for the screen, 
whether in e-mail messages or on Web pages, 
upgrading for the sake of 3-megapbcel or high¬ 
er resolution wastes your cash. 

As we mentioned earlier, a 1,600 x 1,200 
image yields approximately 2 megapixels. In 
order to view an entire image of that resolu¬ 
tion on a computer monitor without scrolling, 
that monitor needs to run at a resolution of 
1,600 X 1,200 or higher. Unless you or your 
intended viewers use a 21-inch or larger moni¬ 
tor, chances are that you and your audience 
are not running a resolution that high. 
Different people have different preferences, 
but here's a look at the viewing resolution typ¬ 
ically used on different sizes of monitors. 


To see what screen resolution your com¬ 
puter uses, right-click any blank area of your 
Desktop and select Properties from the pop¬ 
up menu. Now click the Settings tab and look 
to see what your Screen Resolution is. 

For example, our screen resolution is 1,024 
X 768, meaning this is the largest (highest res¬ 
olution) image we can view in its entirety 
without scrolling. Any image larger than this 
will have to be sized down to a lower resolu¬ 
tion in order to be most useful on our screen. 

A 1,024 X 768 image is only 786,432 pixels, 
less than even 1 megapixel. Most computer 
viewing situations don't call for very high 
resolution. Images intended solely for the 
screen might actually benefit from relatively 
inexpensive image processmg software that 
can improve the picture's color balance, 
brightness levels, remove red-eye, and per¬ 
form a host of other enhancements. 


■ Down On Paper. Once we leave the 
screen and venture into the world of printed 
images, the equation that determines needed 
resolution changes rather dramatically. That 
1,024 X 768 image that so beautifully fills the 
screen of a 17-inch monitor only yields a 
printed photograph of about 5x7 inches at 
an acceptable quality level. 

Any larger and the quality of the prmt will 
quickly deteriorate. A 1,600 x 1,200 image (2 
megapixels) will yield a pretty good 8 x 10 
print, but a 2,400 x 1,600 (4 megapixels) 
image makes for a better one. In print, resolu¬ 
tion matters a great deal. 


Monitor Size 

Typical Resolution 

14” 

640 x 480 

15" 

800 x 600 

ir 

1.024 x 768 

19” 

1,280x1,024 

21” 

1,600x1,200 
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1 image Resolution 

Pixels 

Megapixels 

On-Screen Size Print Size, Good Quality 

72 PPI (pixels per inch) 200 DPI 

Print Size, Excellent QualitJ 
300 DPI 1 

Width X Height 



Width 

X 

Height 

Width 

X Height 

Width 

X Height 

640 X 480 

307,200 

0.3 

8.9 

X 

6.7 

3.2 

X 

2.4 

2.1 

X 

2.6 

800 X 600 

480,000 

0.5 

11.1 

X 

8.3 

4 

X 

3 

2.7 

X 

3.4 

1,024 X 768 

786,432 

0.8 

14.2 

X 

10.7 

5.1 

X 

3.8 

3.4 

X 

4 

1,280 X 1,024 

1,310,720 

1.3 

17.8 

X 

14.2 
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X 

5.1 

4.3 

X 

5.1 

1,600 X 1,200 

1,920,000 

1.9 
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X 
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X 

6 
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X 

5.3 

2,048 X 1,536 ! 

3,145,728 
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X 
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X 
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6.8 

X 

6.4 

2,400 X 1,600 

3,840,000 

3.8 

33.3 
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12 

X 

8 

: 8 

X 

7.1 

2,560 X 1,920 

4,915,200 

4.9 1 

35.6 

X 

26.7 

12.8 

X 

9.6 

: 8.5 

X 

6.4 

2,832 X 2,128 

6,026,496 

6 i 

39.3 

X 

29.6 

14.2 

X 

10.6 

i 9.4 

X 

7.1 


As you consider the sizes in the above chart, 
it's worth noting that many of today's printers 
are capable of printing quality images larger 
than the numbers would seem to indicate, 
through the use of interpolation software. 

Interpolation software examines an image 
at the pixel level, compares pbcels that are side 
by side, and creates a new pixel that blends in 
between the two, effectively adding detail to 
the image which in turn improves print quali¬ 
ty. With this process, many printers yield very 
nice 8 X10 prints from a 2-megapb(el image. In 
the end, however, if printed images are your 
goal, the more resolution the better. 

If you do take the path to higher res¬ 
olution for the purpose of better prints, 
bear in mind that you may need to 
upgrade your color printer, as well. For 
more information on printer upgrades, 
see the articles on pages 34 and 39. 

Although color laser printers have 
dropped dramatically in cost, most still 
carry price tags in excess of a thousand 
; dollars, limiting their popularity with 
consumers thus far. 

Another alternative that can lead to 
better prints of your photos is the use of 
online processors such as Snapfish 
(http://www.snapfish.com) or Ofoto 
(http://www.ofoto.com). These compa¬ 
nies will print quality photographs 
! from the images that you upload to 
their Web sites. 

Do understand that larger prints will still 
require higher-resolutiori pictures, but you 
can be assured of getting the best quality of 
print available for a given photograph by 
using sites such as these. 

■ It Takes Time. The time it takes to store 
' an image and be ready for the next shot 


frustrates the owners of older digital cam¬ 
eras. Today's cameras feature faster proces¬ 
sors that reduce the time spent waiting. In 
addition to the faster processors, more and 
more mid- to high-end models have "buffer 
memory" that quickly absorbs the data of an 
image and lets you move on to the next shot 
while the camera works in the background to 
transfer the data from the buffer into the 
main memory. Depending on the camera, 
this approach lets you shoot several pictures 
per second and opens up the world of 
sequence photography for captiuing a series 
of action photos quickly and easily. 


■ Less Is More. Despite the wonders that 
digital technology continues to bring to us, 
some things work easier in analog fashion; 
such is the case with many of the controls 
found on cameras. Photographers waded 
through pages of menus on a tiny LCD (liquid- 
crystal display) screen to manipulate the set¬ 
tings of older digital cameras. Many people 
found this approach both confusing and intim¬ 


idating. It would appear that digital camera 
manufacturers took note. Shutterbugs config¬ 
ure more of today's digital cameras through 
the use of control wheels and switches that 
more closely resemble their film camera 
cousins. This results in a more user-friendly 
operation that some digital photographers will 
be willing to pay for. 

■ Current Models. Now that we've dis¬ 
cussed a few of the potential benefits of 
upgrading your digital camera, let's take a 
look at some popular models. Although 1- 
megapixel cameras are certainly still avail¬ 
able, we'll use 2-megapixel models as 
our low end, 3-megapixels as the 
middle, and 4-megapixels, or more, as 
the high end. 

2-megapixels. The 2.1-megapixel 
units mentioned below feature a max¬ 
imum resolution of 1,600 x 1,200, and 
users can generate good-looking 8 x 
10 prints with a quality inkjet printer. 
All connect to the computer via USB 
for speedy transfers, include an 8MB 
CompactFlash memory card, and 
offer good image quality. They also 
shoot movie clips, complete with 
audio, although we caution you that 
the quality of these clips is often not 
very good and consume memory 
space very quickly. 

Nikon extends its popular Coolpix prod¬ 
uct line with the new 2.1-megapixel Coolpix 
775. The camera features 3X optical zoom 
and an additional 2.5X digital zoom. It also 
comes standard with a lithium-ion battery 
and charger, a big plus given the fact that 
digital cameras are notorious for devouring 
alkaline batteries. Expect a street price of 
around $400. 
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If you need a very compact digital camera, 
the Canon PowerShot SllO Digital ELPH 
might be right for you. The Digital ELPH line 
is famous for tiny cameras (about the size of a 
deck of cards) that fit easily into almost any 
pocket for super portability. You'll give up a 
little bit of zoom in the process because this 
James Bond special only has 2X optical zoom 
augmented by the standard 2.5X digital zoom. 
It does feature a rechargeable lithium-ion bat¬ 
tery and charger. Street prices range from mid- 
$400s all the ^vay up to the list price of $599. 

3-megapixels. Moving up the resolution 
ladder, we find a number of 3.3-megapixel 
models that offer maximum resolution of 2,048 
X 1,536. Images of this size will yield very nice 
8- X 10-inch prints, and with some printers nice 
11 X 17s, as well. Another bonus present on all 
models is the ability to shoot short movie clips 


Sony’s F707 digital ci 

shoot in m 



complete 
with sound. 
The Sony DSC- 
S75 features a 3X opti¬ 
cal zoom lens assembly 
manufactured by Carl Zeiss, a 
well-known manufacturer of quality optics. It 
also has a 2X digital zoom. It connects to the 
computer by way of USB and uses Sony's own 
Memory Stick format of removable media. An 
8MB Memory Stick is included. It draws 
power from a rechargeable InfoLithium bat¬ 
tery that is included, along with a charger. The 
camera lists for $799.95 and is available at 
street prices starting at the mid-$600s. 

Canon wades into this category with the 
PowerShot Gl. It has a compact body and a 
hinged LCD display that rotates out of the 
camera to enable you to find the optimum 
viewing angle for the shooting situation. The 
Gl is compatible with Canon's EX line of 
flashes, a feature that serious photographers 
might find very appealing. 

It comes witih a 16MB CompactFlash mem¬ 
ory card and accepts both Type I and Type II 
CompactFlash cards. Type I is the most com¬ 
mon form of CompactFlash memory. The 
slightly thicker Type n offers higher amounts 
of memory and works with new miniature 
hard drives, such as the Microdrive lineup 
from IBM. The PowerShot Gl lists for $899 


and is available at many 
places for around $800. 

We find another model 
from Nikon, this time the 
Coolpix 995. The Coolpix 
line has attracted a loyal fol¬ 
lowing because it captures 
high-quality images and has 
useful features. The 995 has 
4X optical zoom along with 
4X digital zoom, enabling 
better shots at a distance 
than the 3X optical zoom 
found on many of its com¬ 
petitors. It comes with a 
16MB CompactFlash card and accepts both 
Type I and Type n CompactFlash devices. This 
camera lists for $899, but you can buy it for 
mid-$700sto$800. 

4 and more. The selection narrows once 
we move into the realm of digital cameras 
that can shoot at a 4-megapb(el, or higher, 
resolution—the elite of the world of digital 
photography. Each of the cameras discussed 
can shoot movie clips. 

The 4-megapixel Olympus E-10 sports a 
maximum resolution of 2,240 x 1,680, shoots 
movie clips, and comes with a 32MB 
SmartMedia card. It has USB connectivity, as 
do most digital cameras these days. What we 
find most exciting about the E-10 is the fact 
that it is based on an SLR (single lens reflex) 


design that is prevalent in 
high-quality film cameras. 
It features a much larger 
lens assembly than many 
digital cameras and offers 
many of the flexible fea¬ 
tures found in traditional 
higher-end film cameras. 
Such features include the 
ability to manually config¬ 
ure settings, such as focus, 
aperture (how much light 
is allowed into the camera), 
and shutter speed (how 
long light is allowed to 

enter the camera). 

Many digital cameras, including lower- 
priced, lower-resolution models, offer some 
of this flexibility, but the E-10 definitely has 
more of a traditional camera feel that will 
offer familiarity to photographers accus¬ 
tomed to using SLR cameras. It does not 
come with a rechargeable battery solution, 
which we deem to be a mistake. Digital cam¬ 
eras suck battery power like there's no 
tomorrow, and a rechargeable solution is a 
must in our opinion. You can of course.buy 
third-party rechargeable batteries and charg¬ 
ers, but keep this added expense in mind if 
you're considering the E-10. It lists for a hefty 
$1,999, but is readily available from the mid- 
$l,400s and up. 



IBM’s Mlcrodrlves come In sizes up 
to 1GB, aHowing the storage of very 
large numbers of pictiires. (Image 
courtesy of IBM Corporation.) 



Using Ofoto’s software, you can upload your pictures to Ofoto’s Web site for high-quality printing. 
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The 5-megapixeI Sony DSC-F707 shoots at 
resolutions up to 2,560 x 1,920. Pictures at 
this resolution will have enough detail to 
print with superb quality at up to 11 x 17 
inch and beyond. This model draws high 
praise for its ability to shoot quality images 
in very low light conditions by use of its 
NightShot and NightFraming technology. 
Sony has long offered night vision technolo¬ 
gy on a number of its camcorders, but this is 
the first digital still camera that can shoot in 
the dark; we hear that it does so quite 
impressively. A 16MB Memory Stick is 
included, as is a rechargeable Info-Lithium 
battery and charger. Its 5X Carl Zeiss optical 
zoom and 2X digital zoom features are 
impressing photographers with ultra-sharp 
imaging on distant shots. 
Considering the reso¬ 
lution and feature 
set, the $999 list 

The Dix from Nikon 
Is a professional- 
level camera that 
can do It all. 


price is surprisingly 
affordable. This is a brand new model that 
will be probably be in short supply for the 
first couple of months, meaning that you're 
likely to have to pay list price if you want 
one. As with all such techno-items, if you can 
exercise a bit of patience, the price will cer¬ 
tainly drop. This unit looks like a real winner 
in the 4-megapixel category. 


■ Connect & Shoot. If you do decide to 
upgrade your digital camera, take heart in 
knowing that this upgrade will be simple 
compared to the process of upgrading other 
computer components. Every camera we dis¬ 
cussed includes USB connectivity, as well as 
removable memory that can be read by dedi¬ 
cated digital film readers or adapters. 

Remember to uninstall any software that 
is exclusively tied to your old digital camera. 
Image files are sometimes stored in folders 
associated with such software. If this is the 
case, be sure to back up your image files 
before proceeding. All digital cameras come 
with software that handles the transfer of 
images through a camera-to-PC link. If you 
have this type of software installed, uninstall 
it before beginning the installation of soft¬ 
ware for your new camera. To uninstall any 
software, click Start, Settings, and Control 



The Uny size and Impressive linage quality has buyers flocking to Canon’s Digital ELPH camoras. 


Panel. Open Add/Remove Programs. Find 
the old camera's software and click 
Add/Remove. You should avoid attempts to 
uninstall software by simply deleting files 
and folders. 

In addition to uninstalling old software, 
you should also remove any hardware entries 
that Windows has for your old camera. To 
find these entries, open Scanners And 
Cameras in the Control Panel. If your old cam¬ 
era is listed, remove it. If your version of 
Windows has a Remove button, use that. If 
not, simply highlight the camera and delete its 


icon to remove it from your system. If you're 
prompted to restart your system, be sure to do 
so before proceeding. 

The removal steps just outlined are impor¬ 
tant if you want to ensure a clean, conflict-free 
installation of your new camera and software. 
Once the old has been cleared to make room 
for the new, consult the instructions for prop¬ 
er installation of your new camera, [ul 

by Jerry Hatchett 


Check Out Our Top Picks: 

Shopping For Digital Cameras 


Less Than Olympus Camedia D- 
$350 370;$199;http://www. 

olympusamerica.com 


Canon PowerShot A10; 
$349; http://www. 
powershot.com 


FujiFilm FinePix 2300; 
$279; http://www 
.fujifilm.com 


$351 to 
$600 


$601 to 

$ 1,100 


Olympus C-2040 Zoom; 
$425; http://www. 
olympusamerica.com 

FujiFilni FinePix 6900 
Zoom; $999; 
http://www.fujifilm.com 


Olympus Camedia D- 
510; $399; http://www 
.olympusamerica.com 

Coolpix 995; $900; 
http://www.nikonusa.com 


Coolpix 775; $449; 
http://www.nikonusa.com 


PV-SD5000 SuperDisk 
PalmCam; $1,100; 
http://www.panasonic.com 


Notes: 

Olympus D-370 comes only with 2MB internal memory; accepts SmartMedia cards. 

Olympus Zoom class cameras may have rebate associated with photo printer; check Web site. 
FujiFilm 6900 has an optional 1.5X telephoto lens attachment. 

Panasonic PalmCam stores photos on SuperDisk diskettes. 


Learning Series / PC Upgrades 21 





















Input Devices 


IEEE 1394 


Why You Need To Hop Onboard 



W ith the incredible rise in popularity 
of making and editing home videos, 
and the drastic price drops in high- 
quality digital camcorders, making your own 
high-resolution digital videos has never been 
easier. Getting that video into your computer 
without a loss of quality, however, can be 
something of a conundrum. Fortunately for 
digital video, IEEE 1394, also called FireWire, 
provides a low-cost solution to get your video 
from Point A to PC. 

■ The History Of IEEE 1394. In 1986, 
Apple Computers conceived the IEEE 1394 
standard. The company dubbed the new 
high-speed connection FireWire because of 
its blazing speed, and the first specifications 
for the cable link were completed in 1987. 
Until recently, it has been a Macintosh-only 
phenomenon. In 1995, the 1394 Trade 
Association standardized FireWire as IEEE 


1394, and the connection started spreading 
out to PCs in the mainstream. Consumers 
now have a chance to take advantage of the 
IEEE 1394 standard, thanks in part to lower- 
priced equipment. 

Today, digital camcorders, digital video¬ 
editing equipment, PC cameras, external 
hard drives, CD burners, digital audio play¬ 
ers, A/V gear, the PlayStation 2, and many 
other devices are equipped with IEEE 1394 
ports. New computers, from desktops to 
notebooks, come with IEEE 1394 ports built 
, right in; others that don't have the ports can 
easily be adapted. 


for a computer to act as a go-between. This is 
known as peer-to-peer association, a key 
facet of IEEE 1394's versatility. Users may 
also hear IEEE 1394 referred to as i.LINK, 
which is Sony's trademarked term for the 
technology. 

Essentially, this ability to function without 
computers makes IEEE 1394-enabled devices 
potentially more than mere computer periph¬ 
erals. Sony digital camcorders with i.LINK 
ports can directly connect to other digital cam¬ 
corders, digital VCRs, or editing controllers, 
without PCs ever coming into the mix. » 

It's important to note, however, that only 
digital devices use IEEE 1394, meaning older 
analog Hi-8 camcorders and typical VCRs are 
not compatible. 

Meeting the needs. Handling the high 
demands of digital video (generally at a reso¬ 
lution of 720 X 480 pixels) without any loss in 
quality requires a connection able to transfer 
the information without the need for data 
compression. This transmission ability is 
IEEE 1394's forte. When you transfer digital 
video to your hard drive (or another medi¬ 
um) by way of IEEE 1394, you make an exact 
digital copy of the original, with no degrada¬ 
tion in quality. 

Obviously speed is a high consideration in 
the success of the standard, and IEEE 1394 
can handle 400Mbps (megabits per second). 
That's the equivalent of transferring about 
25,000 pages of plain, unformatted text every 
second. IEEE 1394 has three different rates by 
which it can pass data that are named accord¬ 
ing to how fast they are: SlOO (98.3Mbps), 
S200 (196.6Mbps), and S400 (393.2Mbps). 
Even the lowest speed can handle two simul¬ 
taneous channels of 30fps (frames per sec¬ 
ond) video with stereo audio. 

Aside from speed, there are some other fea¬ 
tures essential to the versatility and user- 
friendliness of the IEEE 1394 standard. 
Currently, IEEE 1394 lets you connect up to 
63 devices together, although future iterations 
of IEEE 1394 will allow for more than 60,000 
devices to be chained together. Most users 
wouldn't need to use 63 devices at once, let 
alone thousands, but this does mean that if 
you have several IEEE 1394-enabled 
peripherals, you can leave 
them all connected 
without worry. The 


This picture shows a 
typical IEEE 1394 add-on card, 
equipped with three ports. 


B What It Does. Although similar 
many ways to USB (Urriversal Serial 
Bus), IEEE 1394 serves a slightly ^ 
different purpose, that of connect- 
ing digital devices together at 
extremely high speeds without the need 
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real boon for having the option for such inter- 
connectivity, however, is in the ability of IEEE 
1394 to network computers together easily. 

IEEE 1394 and Windows. Windows XP 
and Me both offer a fantastic feature for easily 
forming computer networks, tharUcs to IEEE 
1394, by giving users the capacity to create 
TCP/IP (Transmission Control Protocol/ 
Internet Protocol) connections through IEEE 
1394 cables. This lets users easily connect PCs 
through the IEEE 1394 ports and even share a 
single Internet connection. WinXP also has the 
most in-depth support for networking through 
IEEE 1394, and as of this writing, only WinXP 
lets users connect to both wireless networks and 
standard Ethernet networks. 

WinXP also incorporates other improve¬ 
ments in IEEE 1394 support. It includes 
enhanced functionality for additional audio 
and video devices that can be connected 
through IEEE 1394 cables, such as stereos and 
speakers. In addition, WinXP supports IEEE 
1394 connectivity of MPEG-2 (Moving Pictures 
Experts Group) standard video signals from 
satellite and digital video systems. 

Along with that, WinXP offers better 
resource management by providing a guaran¬ 
teed bandwidth for digital video. This 
improves the stability of digital video transfers. 
WinXP's improved "safe removal" applet alle¬ 
viates any problems that might occur if you 
suddenly unplug an IEEE 1394 device while 
the computer is accessing the device. 

Windows 2000 and Me offer solid support 
for IEEE 1394, complete with the safe removal 
applet and enhanced support 
for IEEE 1394 scan¬ 
ners and printers. 

There’s a 
huge anray 



ports, as well? Well, that depends on what 
you want your PC to do. If you want to do 
anything with digital video editing, the 
answer is yes, without hesitation. 

The IEEE 1394 standard is the best option 
for utilizing and editing the high-quality 
imagery of today's digital camcorders, and 
its widespread acceptance among both cam¬ 
corder makers and software developers 
means you're getting a reliable, well-known 
standard with which to work. 

As with USB, IEEE 1394-equipped devices 
attach to the PC or another IEEE 1394 device, 
without your having to install any software or 
reset the machine each time. Plug in a camera 
or external IEEE 1394 hard drive, and the com¬ 
puter instantly recognizes the device. Unplug 
the hardware, and the PC automatically recon¬ 
figures itself. IEEE 1394 helps CD-bumers and 
other external storage devices, such as hard 
drives, work quickly and effectively and with 
more stability. 

More importantly, USB devices tax your 
processor because the processor is required to 
manage each individual device. Using your 
processor this way slows the system down, 
depending upon how many devices you have 
connected and the level of device activity. As a 
result, USB is better suited for things that 
require fa§t response time but little processor 
support, such as mice, keyboards, modems, 
printers, or scanners. 

For most users, USB works well enough for 
their needs. However, if you feel that you need 
the extra speed and quality from higher-end 
storage and digital video (and even audio) 
devices, firing up your system 
with IEEE 1394 ports is 
an inexpensive and easy 
way to get started. 


Windows 98 Second Edition also sup¬ 
ports the basic functions and devices for IEEE 
1394 and is the recommended minimum OS 
(operating system) when you install a new 
IEEE 1394 card. Although you can use the first 
version of Wm98, you may encounter incom¬ 
patibility issues. 

■ IEEE 1394 vs. USB. If you already have 
USB, is there really a reason to have FireWire 


Install An IEEE 
1394 Card. Adding an 
IEEE 1394 card to your comput¬ 
er is a relatively simple process and 
essentially identical to installing any other 
PCI (Peripheral Component Interconnect) slot 
card. When shopping for an IEEE 1394 card, 
you'O find that most are pretty much identical. 
You're getting essentially the same hardware 
regardless of price, so it comes down to 
whether the card is bundled with video-editing 
software and how many ports it has. 

Once you do pick out a card and get it 
home, take care not to touch any of the metal 
connectors on the board when you unpack it. 
Read all the installation documentation 



Does the fast-paced world of promoting the 
proliferation of IEEE 1394 technology Interest 
you? It does? Really? Then go to http://www 


.1394ta.org and read more than you ever thought 
you would know ahout this technology at the 
1394 Trade Organization's Web site. 


before doing anything else so you know of 
any special instructions. When you're ready 
to add the card to your PC, unplug the com¬ 
puter and disconnect all the cables attached 
to it. 

Using a screwdriver that is not magnetized, 
take off the screws that attach the case to the 
frame and remove the case. Identify the PCI 
slots. In most computers, you can easily distin¬ 
guish PCI slots because they are white. If the 
slots look dusty, gently vacuum or brush them 
off before installing the card; dust on the con¬ 
nections can cause errors. 

Fit the card. For best results, the IEEE 1394 
card should go in what is called a "bus master¬ 
ing PCI slot." The first and second slots are usu¬ 
ally the bus mastering slots; putting it in the first 
slot is the best choice. Even if you can't put the 
IEEE 1394 card in the first or second slot, avoid 
putting it in a PCI slot that is next to an ISA 
(Industry Standard Architecture) slot, which is a 
much longer, black slot in the same area. 

When you're ready to plug the card in, 
unscrew the PCI slot's back plate and save 
the screw. Next, gently place the card into the 
slot, pressing down on it evenly. Make sure 
the card's metal connections are as far down 
into the slot as they'll go and the metal brack¬ 
et of the card is flush with the metal bracing 
of the case. Once it is snugly fit into the PCI 
slot, screw the card's bracket to the case to 
secure it. 

Cleaning up. Now, put the case back on, 
securing it with the screws you removed earli¬ 
er, and reattach all the cables to the computer 
as they were before. When everything is back 
in place, turn the computer on and wait for 
Windows to load up. When Windows finds 
your new hardware, it will start the Add New 
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Hardware Wizard, so have the driver disk that 
came with the card handy. When Windows 
asks for the drivers, insert the CD so it can 
search the disk. 

If Windows can't find the drivers by itself, 
you'll have to click Specify Location and then 
Browse. When the Browse window pops up, 
go to your CD-ROM drive and look for a direc¬ 
tory called Drivers. Driver disks usually subdi¬ 
vide drivers based on the OS; if you are using 
Win98 or WinMe, for instance, look for a direc¬ 
tory usually called Win98 or WinMe. 

If there is no WinMe-specific driver, use the 
Win98 driver. After Windows finds and 
installs the new driver, reset the machine and 
when it reboots, you should be ready to enter 
the high-speed world of IEEE 1394. 

Length matters. IEEE 1394 cables are 
currently limited to about 4.5 meters in 
length. Longer cables suffer from signal dis¬ 
tortion, which leads to signal degradation. 
This cable length limitation can be overcome 
by keeping the speed of the bus to S200 or 
lower (which increases the possible length to 
about,45 feet). 

Generally, such limitations aren't a worry 
for consumer usage. Most IEEE 1394-equipped 
peripherals have short cords anyway and must 


Check Out Our Top Picks; 

Shopping For IEEE 1394 

Adapters Adaptec 1394/FireWire Belkin F5U512 | Orange Micro 

; PCI Card Kit; $69.99; | FireWire CardBus PC | OrangeLink+ 

I http://www.adaptec.com | Card Adapter; $99.95; I FireWire+USB 2.0 
I http://www.belkin.com i Hi-Speed PCI; $129; 
I ! http://www.orange 


PC Devices j Maxtor Personal I OPS Que! Combo CD- i Ecrix VXA-IE FireWire 

I Storage 3000DV 60GB; j RW/DVD-ROM Drive; i Tape Drive; $1,149; 

j $299; http://www j $289; http://www j http://wvw.ecrix.com 

j .maxtor.com .qps-inc.com ; 


be kept close to the computer to which they 
are connected. When using IEEE 1394 for net¬ 
working computers, however, this distance 
restriction may prove more meaiungful. 

■ IEEE 1394’s Future. With the newly 
released USB 2.0 reaching speeds of more 
than 400Mbps, IEEE 1394 is no longer the 
fastest ride in the park. However, that's 
about to radically change. The next genera¬ 
tion of IEEE 1394 offers a vast jump in speed. 


Version"b" of IEEE 1394 will have the ability 
to reach 800Mbps, 1.6Gbps (gigabits per sec¬ 
ond), and an incredible 3.2Gbps speed. 
Fantastic speed aside, one of the most impor¬ 
tant aspects of IEEE 1394b is the fact that it 
offers complete backward compatibility with 
current IEEE 1394 technology. So, any IEEE 
1394-enabled devices you get now will still 
work if you upgrade later. 

The possible cable lengths have also been 
greatly enhanced in IEEE 1394b. You'll be able 
to nm a cable as long as 100 meters this time 
around. The speed at which the data will travel 
over such a long distance depends on the type of 
cable, however. Normal CAT-5 unshielded cable 
will only support up to 100Mbps over such a 
length, while high-end glass optical fiber cables 
will be able to support the full 3.2Gbps speed. 
Such high-end wiring is essentially for business 
uses at the moment (and cost prohibitive) but 
will likely seep down to the consumer level as 
the IEEE 1394b technology starts to hit the main¬ 
stream market. 

■ Get Connected. The IEEE 1394 standard 
offers a world of possibilities because it can 
go far beyond merely adding peripherals to 
your computer. Many FireWire and i.LINK 
devices don't require a computer at all and 
can instead be connected directly to each 
other, which makes this technology unlike 
any other similar standard. If your PC didn't 
come with an IEEE 1394 port, installing one 
is easy and inexpensive. Although not every 
computer user will find they have much use 
for it, IEEE 1394 offers a lot of power and 
punch for those who want to delve into 
the possibilities, [u] 

by Jason D'Aprile 
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USB 



Travel The High-Speed 
Peripheral Highway 


O ver the last several years, PC owners 
have come to embrace the USB 
(Universal Serial Bus) port as one of the 
more versatile and convenient ways to add 
' new accessories and hardware to their com- 
r puters. Although first adopted by Apple 
I Macintosh users, the USB port is better in 
I every way compared to the old, slow, and 
clunky parallel and serial ports. You can hook 
up new devices at any time, even when the 
computer is on, and the USB connection lets 
your devices talk to each other faster than 
older ports could. 

Because almost all new computers come 
with USB ports, new users can jump right onto 
the USB bandwagon just by buying a USB 
peripheral and plugging it in. Users of older 
computers, however, will have to install a USB 
card, which adds between two and four USB 
ports to the computer. 

The. functionality of the standard is 
impossible to deny. Virtually 
every type of gadget you can 
think of to attach to a PC is avail¬ 
able with the faster 


USB connec¬ 
tion, from gam¬ 
ing controllers 
and printers, to 
speakers, moni¬ 
tors, and modems 
Aside from tf 
increase in speed that 
USB provides, it lets the ' 
computer use multiple 
devices at once. Even if your 
computer only has a couple USB 
ports, you can buy a USB hub, which adds 
more ports, plug it into one of the computer's 
ports, and you instantly have more places to 
plug your devices into. 

H About USB. USB was developed in 1995, 
and a number of different companies adopted 
it later on for PCs. The purpose of USB was to 
create a simple, easy-to-use interface for con¬ 
necting peripherals. Another purpose for USB 
was to replace older serial and parallel ports 
and devices, such as mice, keyboards, and 
even monitor ports. 

USB devices make use of the Plug-and- 
Play standard that Microsoft 
introduced as a facet of 
Windows 95. Although it 
had a rocky start at first 
because of end-user resis¬ 
tance to the new standard 
and hardware incompatibili¬ 
ty issues, USB has since 
proved itself as one of the 
easier-to-use computer tech¬ 
nologies on the market. 

You can plug a USB 
device in and out without 
having to shut down or even 
(for most things) resetting 
the computer. Much like the 
old SCSI (Small Computer 
System Interface)-based 
hardware devices, you can 
actually chain up to 127 
different USB devices 
together. On top of that, the 



USB 

cable even 
supplies power to 
low-voltage devices 
(such as control pads, some 
USB hubs, PC cameras, and mice). Of course, 
larger, more power-hungry devices, such as 
CD burners and printers, require their own 
power sources. 

USB hubs often supply their own power 
source, letting them directly power whatever 
smaller USB device is plugged into them, thus 
alleviating any power drain from your PC. 

USB pieces. The USB system consists of 
three general pieces: the host, the hub, and the 
device. The host is either your computer's 
motherboard (if it has built-in USB support) or 
an add-on card that gives your computer USB 
ports. This is the brain of the system, and it 
controls the speed and functions of whatever 
USB devices you'll use. 

The hub is simply a piece of equipment 
(costing between $30 and $100, depending on 
the number of ports and any additional fimc- 
tions that may be built into the hub) that turns 
one USB outlet into several. The device is, of 
course, whatever USB peripheral you plug into 
the hub or the computer. 

There are two different types of USB (ver¬ 
sion 1.1): low speed and full speed. Low speed 
is for slower devices, such as keyboards, mice, 
and joysticks, and can reach a transfer speed of 
up to i.5Mbps (megabits per second). 

Full-speed devices include ISDN 
(Integrated Services Digital Network) inter¬ 
faces, disk drives, and audio products. Full 
speed can reach as much as 12Mbps. As the 
user, however, you don't have to worry 
about any of this because the USB hardware 
handles speed negotiation automatically and 
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has no trouble operating slow- and higher- 
speed devices at the same time. 

■ USB 2.0. The latest iteration of the USB 
standard comes in the form of USB 2.0, also 
called USB Hi-Speed. Only now trickling into 
the marketplace, 2.0 is a much faster version 
of the standard USB, 40 times faster to be spe¬ 
cific. Where as the older USB can run at a 
maximum 12Mbps, 2.0 can reach speeds of 
480Mbps in its full-speed mode. 

As before, the focus is on high speed and 
user friendliness. USB 2.0 is also backward 
compatible, so any older USB devices you 
have will work. Note they won't benefit from 
the increased speed possible with 2.0, but they 
will work at the speed for which they were 
made. Don't expect all new devices to get the 
super-fast 2.0 treatment. Keyboards, mice, and 
joysticks probably won't see much benefit 
from this new-found speed. 

Cables that are approved for USB 1.1 
should also be able to support the higher- 
speed standard, as well, but uncertified 
cables (USB Certified should appear on the 
package) may not be usable for 10. To help 
discern the difference between USB 2.0 
enabled devices and slow- and full-speed 
rated ones, colorful logos announcing 
"Certified Hi-Speed USB," or simply "USB 
2.0 Ready," appear on product packaging. 

Regardless, you still have to have a system 
that is able to handle USB 2.0 before you can 
use it. Therefore, you can't just attach a USB 
2.0 device to a USB 1.1 port on your computer 
and expect it to work. As with the standard 
USB, you must upgrade your computer’for 
USB 2.0: either buy a USB 2.0 PCI (Peripheral 
Component Interconnect) add-on card or 
make sure that the motherboard on your 
N computer supports USB 2.0 right out 


External USB ham drives, 
such as this one from 
BUSlink, provide 
plenty of extra 
storage space 
andtheahility 
to he taken 



the data stored on them 
will always be in demand. 

If you are in the market to 
upgrade to USB, going 
with a 2.0 add-on card is a 
very smart move. It does 
not cost much more 
(arormd $40 for USB 2.0 as 

compared to $30 for USB - 

1.1), and you'll be ready for the future. 

E Upgrade To USB. Whether you are 
upgrading to USB 1.1 or 2.0, there are a few 
things to keep in mind. First, because this 
involves a PCI card, you have to be prepared 
to install the PCI card on the motherboard of 
your computer. As usual, installing new hard¬ 
ware requires installing drivers, as well, so you 
should be familiar with the process of 
installing new drivers. 

The OS issue. Another important concern 
is what OS (operating system) you use. USB 
really came into the fold for Windows with the 
release of Windows 98 Second Edition. 
Miaosoft didn't include Windows NT compati¬ 
bility at all, and using USB with older versions 
of Windows is often difficult, because Miaosoft 
has not written updates for all older versions of 
Windows. Check Microsoft's Web site for 
USB compatibility with your version of 
Windows. Microsoft may have released 
updates that will enable your comput¬ 
er to work with USB. 

Although Windows XP is fully 
compliant with USB 2.0, the bugs 
are still being worked out of the 
new OS. Download any necessary 
USB 2.0 drives from http:// 
windowsupdate.microsoft.com. 

Users of other OSes should also 



should be fully compatible right out of the 
box. Therefore, if you have an older comput¬ 
er, you need to check with the manufacturer 
of your hardware to find out if your comput¬ 
er is capable of using the final standard of 
USB. To find out if your Win98SE or WmMe 
computer can use USB, the USB Imple- 
menters Forum (http://www.usb.org) has a 
utility program that will examine your hard¬ 
ware and let you know if it's compatible 
(http://www.usb.org/data/usbready.exe). 

The right card. Choosing a USB add-on 
card comes down to a few simple principles. 
First: the price. You can get USB cards for less 
than $40 (even 2.0 cards), and most work in 
essentially the same way, with approximately 
the same standard of quality and reliability. The 
second concern is how many ports are on the 



PCI add-on card Into their computers. 


of the box. Unless you're upgrading to a 
new system, the add-on card is the obvious 
and most convenient way to go. 

The most prevalent use of USB 2.0 will 
undoubtedly be for digital cameras and storage 
devices, where high-speed bandwidth will 
increase performance. External CD-bumers will 
be able to reach faster speeds with 2.0 certifica¬ 
tion, and with external hard drives increasing in 
availability and popularity, faster ways to access 
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include this site when searching for driver 
updates. For example, ini- 
Most people who upgrade to USB have jjaHy g j^ajor incompatibility 
no problem Installing a standard USB igsug between AMD proces¬ 
sors running at 350MHz 
or faster and the VIA Tech¬ 
nologies USB controller caused multiple prob¬ 
lems with USB devices. Fortunately, Windows 
Update provides an appropriate software 
update to compensate. 

Older computers. Not all computers are 
compatible with the USB standard, however. 
Generally, if your computer was built before 
1996, there's a good chance you won't be able 
to use it at all. Most computers produced 
after then should be able to handle USB 
ports, and any computer made after 1998 


If you’ro going to use multiple USB devices, you may wish to 
invest in a USB hub to plug all your USB devices into. 


card. Two are usually fine, but more are always 
handy. On the other hand, it's important to 
remember that because the card will likely be in 
the back of your machine, you'll definitely want 
to hook up a desktop USB hub to the ports if the 
back of your computer isn't easily accessible. 

However, devices that aren't routinely 
unplugged (such as a disk drive or printer) are 
best plugged directly into the computer's USB 
ports, because those ports are normally hard to' 
reach and less prone to accidental jarring than a 
desktop hub. USB cables can only be up to five 
meters in length. If you need to use a device 
further away from your computer, you'll need 
to employ a series of hubs' and cables to link 
the device to your computer. Because you can 
hook literally hundreds of devices through 













You may find that using USB with older versions of Windows Is 
prohlemaUc. If you’re experiencing problems, go to Microsoft’s Web 
site to see If your version of Windows Is USB-compatIble. Microsoft 
may have updates to help your computer woilc with USB. 


hubs connected to a single port on the back of 
your computer, the number of ports on the 
card isn't as important as the price. 

■ Card installation. Installing the add-on 
card is an easy process for do-it-yourselfers. 
If you've ever installed any sort of card 
inside your computer, you'll find a USB card 
is no different. 

Clear a workspace and disconnect your 
computer. When doing any work inside a PC 
always make sure you are static-free and 
have plenty of light and room to work. Once 
you've removed any screws holding the 
' cover on, take the cover off and have a look 
inside. See that the computer is clean (many 
computers collect dust badly and require reg¬ 
ular sessions with a household vacuum to 
clean up the dust). Dust on the empty PCI 
slots can cause problems. 

The slots. Generally white in color, PCI 
slots are easily identifiable and are usually 
the most prevalent type of slot on the moth¬ 
erboard. Simply pick an empty slot where 
you want the USB card to be and firmly and 
evenly place the card in the slot. Be careful 
not to press too hard if the card doesn't go in 
easily, but make sure it goes as far down into 
the slot as possible. Then simply screw the 
metal bracket to the case of the computer. 
Now that you have the card safely and 
securely fitted into the motherboard (making 
sure to check that the actual USB ports are 
accessible on the back of the computer), put 
the case back on the frame, and reattach all 
I the cables. 

I Power it up. Next, turn the computer on. 
I As Windows starts up, it will detect your 
new hardware. Your new USB card should 
have come with a driver disk. When the 


Windows Install New 
Hardware wizard comes 
up, it will ask you if you 
want to select a new dri¬ 
ver for your hardware. 

Just put the CD that 
came with your card in 
the appropriate drive. 

Windows will auto¬ 
matically search the CD. 

In the event that Win¬ 
dows cannot find the 
driver, you'll have to 
click the Locate Elrivers 
button in the Install 
New Hardware dialog 
box. Then, select the 
Browse button in the 
Locate Drivers window, and when the 
Browse dialog box comes up, locate the 
appropriate directory and select OK. 

Usually, the installation CD will have a 
directory called Drivers. If your CD doesn't 
have that directory, all device drivers end with 
*.INF, so you can search the CD to find the 
appropriate file. Once Windows has found the 
appropriate device driver and installed it, it 
should ask you to reset the machine. 

When your computer reboots, your new 
USB card will handle your new USB devices. 
Your card's installation process will vary 
depending on your OS and the USB card you 
choose, so be sure to read and follow all the 
instructions that come with it—even if you're 
used to installing new cards in your computer. 

When you've finished installing your card, 
be prepared to enter the faster-paced world 
of USB. Simply plug a USB device into your 
new USB port, and Windows detects the new 
hardware and tells you what it is. Depending 


on the type of hardware you plug in, 
Windows will probably ask for a driver disk 
the first time you plug the device in, so have 
any such disks handy. 

Peripherals such as keyboards and mice 
usually don't need drivers, but a printer and 
other larger pieces of hardware usually do. 
Again, make sure to read the installation 
instructions of any USB device you get for 
exact information. 

■ USB For Everyone. Once everything is 
installed and working, you'll find hundreds 
of products that utilize your new USB ports. 
Now when you want to install a new gadget 
or peripheral, you'll no longer have to shut 
everything down, screw cords in, and hope 
for the best. USB's PnP functionality lets you 
plug in and unplug devices at any time and 
use hubs to connect a myriad of active gad¬ 
gets to your computer. All of these character¬ 
istics make USB the ideal choice for home 
users in search of easy ways to add hardware 
to their systems. 

If your computer doesn't have USB ports, 
installing them is a fairly simple process; 
while adding any sort of hardware to the 
interior of a computer can seem like a daunt¬ 
ing task, it's definitely worth it. If you want 
to add USB but don't feel up to installing a 
PCI card, most office and computer stores 
offer installation services. Regardless, USB 
lets computer users operate a wide array of 
new products, and with the release of USB 
2.0, the standard is faster and more versatile 
than ever. S] 

hy Jason D'Aprile 


Check Out Our Top Picks: 

Shopping For USB 


Adapters 


Adaptec USB2connect Orange Micro OrangeLink+ OrangeUSB 2.0 Hi- 
3100LP USB 2.0 4-port FireWire+USB 2.0 Hi-Speed Speed CardBus PC 
PCI; $69.99; http;//www PCI; $129; http;//www Card; $109; http;//www 
.adaptec.com .orangemicro.com .orangemicro.com 

Belkin F5U221 USB 2.0 Belkin F1U200 USB 1.0/2.0 Plextor PlexWriter ’ 
4-Port Hub; price n/a; 4-Port Switch; $69.99; 8/8/24U USB 2.0 CD- 

http;//www.belkin.com http://www.belkin.com RW drive; $289; 

http://www.plextor.com 


USB 2.0 adapters also support USB 1.0/1.1 devices, so USB 2.0 adapters are worth the price increase ov 
USB 1.0/1.1 adapters. 
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Infrared 

Cut Out The Middleman 
& Beam To Your Devices 



T he same infrared technology that lets 
you change the channel on your televi¬ 
sion without getting off the couch 
can help you print and transfer files 
between your portable and desktop 
computer, without the need for 
messy wires. You can also use IR 
(infrared) to synchronize data "i 

between your PC and PDA (per- ^ - '* 

sonal digital assistant) and print 
directly to an IR-equipped 
printer from an IR-enabled 
digital camera. 

Although this may sound 
cutting edge, IR has been 

around since 1996. Since their, _ 

all major input device manufac- » 

hirers have both released and discontin¬ 
ued wireless IR keyboards and mice, replacing if your PC 
them with RF (radio frequency), which doesn't has one of these in- 
have the line-of-sight limitation inherent to IR. stalled. Right-click My Computer and select 
Although IR input devices are all but gone Properties. If you see a category named Infrared 
from store shelves, and some companies have Devices, your computer is IR ready, 
seemed to abandon their IR products, IR still Contact your computer or motherboard man- 
gives you a relatively inexpensive, wireless ufacturer to order the optional IR adapter and 

means to print from portable devices and trans- transmitter/receiver component. This lets you 

fer files between your desktop and portable hook up a special cable directly to the mother- 

computer. We'll run down the hardware you • board in your computer and has a card that you 

need to take advantage of IR technology and simply install into an open expansion slot. The 

show you how to configure Windows to print actual transmitter/receiver base then plugs into 

and transfer files through K. the back of your computer, just as a keyboard or 

mouse would. Be sure to have your computer or 
■ IR Ports. IR ports come standard on many motherboard manual handy when you install 
portable computers. If you have a portable com- the adapter to help you locate the IR connector 
puter and are not sure if you have an IR port, on your motherboard 
they are easy to spot. Chei the notebook chas- If you don't see Infrared Devices displayed 
sis for a dark, translucent, plastic window just in the Device Manager, or you don't feel com- 

like the infrared transmitter on top of your tele- fortable opening your computer case to install 

vision remote control. If your portable computer the internal model, you can purchase an exter- 

doesn't have an IR port, you can purchase an nal USB IR transmitter/receiver, such as the 

external USB (Universal Serial Bus) adapter, previously mentioned XTNDAccess IrDA USB. 

such as the X'TNDAccess IrDA USB adapter External IR adapters connect to your computer 

from Extended Systems ($80; 800/235-7576; via the USB port, which makes for an easy 


http://www.xtndaccess.com). 


installation. You don't need to open your com- 


You won't find an IR port on your desktop puter or touch the motherboard, just instaU the 
computer; however, some come with an inte- drivers and connect the adapter to an available 
grated IR controOer on the motherboard. Use the USB port. Windows automatically detects the 
Windows Device Manger to help you determine IR device and does the rest. 


■ Give Printers IR Functionality. 

Although you can use IR to print from your 
desktop computer to an IR equipped printer, 
printing by way ofJR is best suited for users 
of portable computers and PDAs, as well as 
for users with IR equipped digital cameras. 
Printing from portable devices to an IR- 
equipped printer is a convenient way to get 
your print job sent without fooling around 
cables and wires. Because many 
portable devices already have an IR port, 
you only need to purchase an IR 
adapter for your printer to start 
printing wirelessly. 

Hewlett-Packard is one of the 
largest supporters of IR printing 
technology, and its midlevel 2200 
series printer comes with a built-in 
IR receiver. Its big brother, the 
4100 series network printer, 
comes with an IR controller, but 
you will need to purchase an 
optional receiver, which costs 
$75, before you are able to use 
this capability. 

If you don't have a printer with a 
factory installed IR port, you can pur¬ 
chase an external base unit from Extended 
Systems (XTNDAccess IrDA Printer; $130) to 
give any printer IR capability. You simply con¬ 
nect the receiver to the parallel port of a print¬ 
er, and you are ready to go. The XTNDAccess 
IrDA Printer also includes a parallel pass¬ 
through that lets the unit sit in-line with your 
computer and printer, so you can still print 
from your desktop using the printer cable. 

■ Configure Windows For IR Printing. 

After you install the IR adapter on your printer 
and you have an IR port set up on your comput¬ 
er, you need to configure the Windows printer I 
driver before you can print through IR. 

If you already have the correct printer driver 
installed for the printer you wish to use, you just 
need to change the port the driver is using. 
Double-click My Computer and open the 
Printers folder. Right-click the printer you wish 
to print to via the IR port and select Properties. 

In the Properties window, select the Details tab 
and use the drop-down list under Print To The 
Following Port to select your IR port. When you ■ 
are finished, click Apply and print a test page 
from the General tab. 

If you don't already have the correct printer 
driver installed for the printer, use the Add 
Printer Wizard to install the correct driver. Open 
the Printers folder and double-click Add Printer 
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You can order an optional IR (infrared) adapter and transmitter/receiver component for your desktop 
PC. Tills device lets you hook up a special cable directly to the mothertioaid and has a card that you 
simply install into an open expansion slot. 


to start the Printer Wizard. Qioose Local for the 
printer location and select the IR port on the fol¬ 
lowing screen. Complete the wizard and print a 
test page to verify your setup. 

■ Transfer Files. Although IR is a wireless 
technology, you need to set up your computer 
to use the Windows Direct Cable Connection 
to transfer files from your portable computer 
to your desktop with IR. 

Before you install and configure this feature, 
you need to designate one of your computers 
to act as a Host and the other as a Guest. The 
computer you choose for the Host, normally 

' the desktop, shares its hard drive or a single 
directory that the Guest computer can access 
to save and retrieve information. 

Get the connection. Install the Direct 
Cable Connection from the Add/Remove 
Programs applet in the Control Panel. Double¬ 
click My Computer and open Control Panel. 
Double-click the Add/Remove Program 
applet, select the Windows Setup tab, click 
Communications, and click Details. Place a 
check mark in the box to the left of Direct 
Cable Connection and click Apply. When you 
are finished, click OK to exit the Add/Remove 
programs applet. 

Click the Start menu. Programs, Accessories, 
Communications, and Direct Cable Connection. 
The first time you start the program, it prompts 
you for information to help you configure the 
Host and Guest. Select either Guest or Host from 
the first configuration screen and click Next. 
Select the IR adapter on the following screen 
from the list of available ports and click Next. If 
this computer is the Guest, click Finish to com¬ 
plete the configuration. 

i Share alike. When configuring the Host 
computer, you are prompted to click File 
And Print Sharing, which launches the 
Network applet. When the applet loads, click 
the File And Print Sharing button at the bot¬ 
tom of the applet and check the box labeled I 
Want To Be Able To Give Others Access To 
My Files. When you are finished, click OK 

I and OK again to exit the Network applet and 


answer Yes when it asks you if you wish to 
reboot your computer. 

When your computer reboots, start the Direct 
Cable Connection again. The Wizard starts from 
the beginning, so again select Host and the IR 
port. After you select the port, the setup displays 
steps for sharing a directory on your computer. 
Double-click My Computer and browse to the 
folder you wish to share to the Guest computer. 
Right-click the folder name (or the C: icon to 
share the entire drive) and select Sharing to 
open the Sharing properties. Select Shared As 
and enter a descriptive name as you want it to 
appear on the Guest computer. Next, select the 
appropriate Access Type, which includes Full 
(Guest can read and save data), Read-Only 
(Guest can only read data), and Depends On 
Password (lets you assign a full-access and read¬ 
only password), and then click OK. 

After you share a directory on the Host 
computer, click next on the Direct Cable 
Coimection Wizard to display the password 
screen. Because IR has such a limited dis¬ 
tance, and you have to manually start the 
Direct Cable Connection to transfer files, you 


don't really need to set a password. Click 
Finish to complete and start the Direct Cable 
connection in Host mode. 

The next time you launch the Direct Cable 
Connection from the Host computer, it will 
show you which port it is configured for. When 
you click the Listen button, the Host is ready 
for a connection from the Guest computer. 

With the Host computer listening, start the 
Direct Cable Connection on the Guest computer. 
Make sure the IR ports are facing each other and 
click the Connect button. When the Guest com¬ 
puter makes a connection to the Host, it displays 
a connection message and gives you View but¬ 
ton. Click the View button to open the shared 
folder you created on the Host. You can Copy, 
Cut, and paste files to and from this folder, just 
as if it were a folder on your local computer. 

■ Beam Up. Although IR technology has its 
limitations, you should be able to put this 
technology to use around your home or small 
office, especially if you have a notebook, 
PDA, or IR-equipped digital camera. IR 
devices are far less expensive than devices 
using other wireless technologies, such as Wi¬ 
Fi (802.11b wireless Ethernet) or Bluetooth (a 
new wireless technology for connecting com¬ 
puter peripherals), and give you the all the 
convenience of wireless. @ 

by Scott Jones 


Check Out Our Top Picks: 

Shopping For Infrared 

IR j Extended Systems 
Devices j XTNDAccess IrDA-to-USB 
adapter; $80; http://www 
.xtndaccess.com 


NEC Print Server RS- XTNDAccess IrDA Net 
232 Serial; $134.99; IrDA-to-Ethemet adapter; 
http://www.necus.com $269;http://www 
.xtndaccess.com 
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room to burn 


Get organized, and take your files with you wherever you go. Burn all your data, video, photography, 
MP3s, vinyl, cassettes and whatever else you’ve got to CD with Easy CD Creator® 5 Platinum, from 
Roxio. The best selling CD burning software in the world. You can even create your own personalized 
jewel cases for each disc. Hit roxio.com to find out how. Mac users check out Toast® 5. 

Now Windows^ XP compatible. 










OutgutDevj^ 

Control Your PC’s Output 

A High-Level Look At Monitors, Printers & Audio Devices 



T here is such 
a dizzying 
array of out¬ 
put devices 
(peripherals 
such as monitors, print¬ 
ers, sound cards, and 
speakers) on the market 
today that deciding 
what to purchase can 
be an arduous task. It 
is difficult enough to 
gauge the level of 
quality and reliability a 
particular device will 
provide, but this diffi¬ 
culty is compounded 
when you also have to 
determine what type 
of device best suits 
your needs. 

If you need a printer, 
for example, it's not enough to compare manu¬ 
facturer specifications; first, you must decide 
what type of printer (such as inkjet or laser) will 
do the job you want it to do. After determining 
which device capabilities are most important, 
combine that knowledge with a desired price 
range to select the best choice that fits within 
your budget. 

So if you're not entirely certain about which 
1 type of output device will work best for you 
during everyday use, read on before rushing 
' off to the local computer superstore. This arti¬ 
cle describes the basic types of each output 
device, and the following articles in this sec- 
j tion provide a gold mine of more detailed 
[ information you can use to make a confident 
I purchase decision. 

■ The Power Of Bulk: CRT Monitors. 

The CRT (cathode-ray tube) monitor takes its 
name from the bulky CRT inside it: a tube in 
the shape of a squared-off cone, with three 
electron guns at the small end of the tube, 
and the screen itself, which is only a fraction 
of an inch thick, on the large end. The elec¬ 
tron guns fire beams of electrons to light up 
, phosphors on the screen. 


Pixels. The tiniest visible dots of color on¬ 
screen consist of three phosphors: one red, one 
green, and one blue. The screen is capable of 
representing millions of colors, but each color 
is actually a combination of red, green, and 
blue. To maintain a fluid on-screen image, the 
electron gun scans the screen dozens of times 
per second. 

Shadow mask. CRTs have traditionally used 
shadow mask technology to refine the image 
on-screen. As a metal filter perforated with 
thousands of tiny holes, the shadow mask lies 
directly behind Ae screen and directs the elec¬ 
tron beams to each individual pixel. This allows 
for more detailed imaging by eliminating over¬ 
shoot, the inadvertent illumiiution of adjoining 
pkels that makes images look fuzzy. The down¬ 
side of shadow mask technology compared with 
newer, competing technologies is that it creates 
a slightly darker screen because the metal mask 
blocks some of the light. 

The sharpness of shadow mask screens is 
determined by dot pitch. Measured in millime¬ 
ters, dot pitch is the distance between two same- 
colored dots (for example, the distance between 
the red phosphor in one pixel and the red 
phosphor in an adjoining pkel). The smaller the 


dot pitch is, the clearer the image will be. A com¬ 
fortable dot pitch for viewing is 0.30mm, with 
the best screens measuring around 0.20mm. 

Aperture grille. A brighter, but not necessari¬ 
ly clearer, alternative to shadow mask technolo¬ 
gy is aperture grille. Instead of a mask, aperture 
grille technology uses a series of vertical phos¬ 
phor-coated wires held in place by horizontal 
damper wires. The image forms when electron 
beams strike the phosphors on the vertical wires. 

The downside of aperture grille technology 
is that images can be less precise, and the hori¬ 
zontal damper wires can create barely notice¬ 
able horizontal lines across the screen. But, as 
with shadow mask screens, there's a measure¬ 
ment that helps you determine how clear the 
image will be. Measured in millimeters, the 
aperture grille screen's stripe pitch is the dis¬ 
tance between vertical color stripes. Like dot 
pitch, the smaller the measurement is, the 
clearer the image will be, but the best aperture 
grille screens will measure around 0.24mm. 

Flat CRTs. With the onslaught of sharp, 
low-priced flat panel displays, which are often 
a mere one inch deep, manufacturers of CRT 
monitors, which are typically more than a foot 
deep, have their work cut out for them. 
Because the electron guns in CRTs must be a 
certain distance away from the screen to create 
clear images, there's not a lot manufacturers 
can do to cut down on size. But flat panel dis¬ 
plays have other advantages, such as low glare 
and realistic photo rendering, that some manu¬ 
facturers try to incorporate into CRT monitors. 

The result is the flat CRT, .which decreases the 
curvature of the screen to mimic the effect flat- 
panel displays provide. Some argument exists 
about whether CRT monitors can really be com¬ 
pletely flat, but the human eye responds to what 
it sees, not to theories about degrees of flatness. 
So if you want to buy a flat CRT, use your own 
eyes to decide whether you want to spend a few 
dollars more for a flatter CRT saeen. 

■ Flat Is Where It’s At: LCD & Plasma 
Displays. Collectively known as flat-panel dis¬ 
plays, LCD (liquid-crystal display) and plasma 
monitors are two different manifestations of the 
same technology. Flat-panel displays consume 
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less energy and typically have brighter displays 
than CRT monitors. But unlike bulky CRT moni¬ 
tors, many LCDs weigh less than 10 pounds, 
take up little desk space, and can be mounted to 
a wall either directly or with an extension arm. 

LCD monitors. If you're looking for a cut¬ 
ting edge display, plenty of LCDs give the aver¬ 
age CRT monitor a run for its money. Although 
it seems like high-end CRT monitors will never 
completely lose favor with graphics profession¬ 
als because of their reliability at larger screen 
sizes and higher resolutions, LCDs have been 
making an impact on consumer and business 
markets over the past year or so. 

By nature, LCDs have a sleek, futuristic 
look. Inside, LCDs are a marvel of modern 
transistor technology; they use thousands of 
tiny transistors on a grid to manipulate the 
liquid crystals into different shapes, allowing 
different amounts of light to strike different 
colored phosphors and thereby create images. 

Because LCDs require hundreds or thou¬ 
sands of transistors, manufacturing LCDs has 
traditionally been an expensive endeavor, 
with high costs filtering down to consumers. 


However, recent developments have reduced 
manufacturer costs, and there are now a 
number of decent 15-inch LCDs selling for 
around $400. 

Analog vs. digital. Virtually every LCD 
and CRT monitor accepts an analog sigiral, but 
most high-performance LCDs and an increas¬ 
ing number of consumer-priced LCDs accept 
dual input (both analog and digital). 

The computer's video card contains a RAM- 
DAC (RAM digital-to-analog converter), 
which transforms the digital data it receives 
from the processor into analog data the moni¬ 
tor uses to display images. Because LCDs 
require a digital signal to render an image, 
analog-only LCDs perform an additional con¬ 
version process, changing the analog signal 
back into digital form. 

This conversion/reconversion process may 
seem inefficient, but it's based on the fact 
that there are more CRT monitors out there 
than LCDs. If LCDs only accepted digital 
input, an overwhelming majority of users 
would have to upgrade their video card 
before they could install an LCD. 


For users that have a dual-output video card 
(that delivers both analog and digital data), a 
dual-input LCD can make use of the video 
card's digital output..This lets the digital signal 
remain intact during all of your PC's operations, 
with no conversion necessary. In terms of per¬ 
formance, though, most users won't notice a dif¬ 
ference between an LCD working with a digital 
signal and one working with an a^og signal. 

Users of multiple displays can benefit the 
most from a dual-output video card and a 
dual-input LCD. As long as your computer can 
handle the system requirements, you can 
install a dual-output video card and connect 
your CRT monitor to the video card's analog 
port and add a dual-input LCD by connecting 
it to the video card's digital port. 

Plasma displays. Gas-plasma displays 
(plasma saeens) use a criss-cross of verticd and 
horizontal wires to electrify tiny pockets filled 
with xenon and neon. Once energized, the 
pockets emit light. Like CRT monitors, plasma 
screens have pixels composed of red, green, and 
blue phosphors. With prices ranging from 
around $8,000 to well more than $20,000, it's no 


Return On investment Chart: 

Output Devices 

I n the chart below, you’ll find our writ¬ 
ers’ and editors’ opinions about which 
sorts of upgrades in this area offer the 
best ROI. In an effort to reflect the 

Type Of 
Upgrade 


situational nature of such estimations, 
we’ve divided the chart amongst various 
types of users. Please remember that 
your situation may not fit neatly into 


these categories; thus, the chart is 
meant as a starting point, not as an 
accurate and comprehensive reflection 
of your specific needs. 


Estimated Return On Investment 

(On A Scale Of 1-10) 



Home 

Business 

Graphic 

Avid Web 

Avid 


User 

User 

Artist 

Surfer 

Gamer 

Inkjet Printer 

i 10 

4 

4 

9 

7 

Laser Printer 

8 

10 

5 

4 

3 

Color Laser 
Printer 

4 

8 

10 

2 

2 

CRT Monitor 

: 10 

10 

10 

10 

10 

Flat CRT 

Monitor 

; 9 

9 

10 

9 

9 

LCD Monitor 

8 

10 

9 

4 

10 

Sound Card 

8 

3 

i 1 

9 

10 

Speakers i 

10 

3 

1 

9 

10 


Comments 

Best ROI for users who don’t print large quantities at a time 
Speedy black-and-white printing is great ROI for business 
users but a bit costly for others 
Good ROI for high-caliber color printing but cost-prohibitive 
for home users 

Of all monitor types, high-end CRTs provide 
the best overall ROI 

Compared to CRTs, flat CRTs reduce glare and can be a lit¬ 
tle more costly; there is not much difference in the ROI 
beyond that 

Great ROI if you can afford to buy a good one; high-quality, 
low-priced LCDs offer a good ROI for home users 
ROI for business users and average home users depends 
on their need for great sound 

ROI depends on the need for great sound compared to the 
computer’s built-in speakers (if any) and Internet access 
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wonder we see plasma saeens used primarily in 
TV newsrooms and corporate presentations. 

■ Hard Copy Output Wtlti Printers. Unlike 
monitors, where an inexpensive model will pro¬ 
vide fairly consistent quality and won't require 
much upkeep, printers can be continuous 
money-hogs. Avoid buying a printer solely 
because it's cheap; chances are it will constantly 
ask you to spend more money on ink, toner, and 
paper (to reprint pages that didn't turn out in the 
first place) than would a mwe expensive printer. 

Irjqet and laser printers are part of Ihe non¬ 
impact printer family because the printing 
^mechanism doesn't touch the paper when aeat- 
ing text and images. Impact printers, on the 
other hand, include dot matrix printers, which 
impact the paper directly with tiny dots to form 
text and images. Impact printers are becoming 
dinosaurs and are largely ignored by the con¬ 
sumer market, but you can still find them hard 
at work in many back offices and elsewhere. 

Inkjet printers. Because of their low cost, 
inkjets outsell laser printers by a wide margin in 
the home consumer market. Inkjet printers work 
by forcing tiny droplets of different colored ink 
(magenta, cyan, yellow, and black) onto paper. 
Under normal conditions, inlqet printers require 
little maintenance, but they require new ink car¬ 
tridges more frequently than laser printers 
require new toner. Additionally, some color ink 
cartridges contain multiple colors, so you may 
end up replacing entire cartridges that are near¬ 
ly full of two colors but are out of a third color. 

If you're considering an inlqet printer, exam¬ 
ine your options careMy before making a pur¬ 
chase. The worst inkjets (usually the cheapest 
ones, but not always) make a lot of noise, con¬ 
sume a lot of ink, and print slowly and poorly. 
The best mlqets make relatively little noise, print 
at a reasonable speed, and, when using high 
quality paper, print colorful photographs in a 
high resolution suitable for framing. 

Print quality also depends on the printer's 
resolution capabilities. Resolution is measured 
in dpi (dots per inch); a 300dpi resolution, for 
example, prints 900 dots per square inch. 
Regardless of the type of printer you choose, 
those capable of printing at higher resolutions 
will print sharper text and more realistic images. 

Laser printers. Using laser technology and 
principles of static electricitjf to attract toner to 
paper as it rolls over a drum, laser printers pro¬ 
duce extremely precise images. Compared to 
inkjet printers, laser printers have a higher print 
speed, which is measured in terms of ppm 
(pages per minute). Low-end laser printers 



Because the 150P2E IS-Inch LCD (liquid-crystal display) 
monitor from Philips accepts both analog and digital 
Input, makes room for an optional USB (Universal Serial 
Bus) huh for expandability, and has one of the sharpest 
displays we’ve seen (especially for only $549), we listed 
n as one of our top shopping list picks In this section. 


print as few as lOppm, while some high perfor¬ 
mance models print around 40ppm. Good inlqet 
printers top out around ISppm for black-and- 
white printing and ISppm for color printing. 

More expensive than inkjet printers, laser 
printers have traditionally been cost-prohibitive 
to home users. Since laser printers burst onto the 
market, businesses have preferred them to inkjet 
printers because they typically print more quick¬ 
ly, user toner that is less likely ttian ink to smear, 
and have a higher duty cycle (rating as to the 
average monthly workload a printer can handle). 

As laser printers have come down in price, 
consumers have come to realize that while they 
still cost more than inlqet printers, laser printers 
cost less in the long run. Laser printers go 
through toner much slower than inkjet printers 
go through ink cartridges. Laser printers aire also 
more enclosed than most inkjet printers, and 
therefore, are less likely to collect dust and 
debris on the printing mechanism. 

Color laser printers are still quite costly, rang¬ 
ing from $1,000 to more than ^,000; because of 
this, sales of color laser printers haven't made 
much of a dent in the consumer market. 

Professional-grade printers. As long as 
graphics professionals and engineers use com¬ 
puters to get their work done (and, of course, 
there's no end to that in sight), they will need 
high-power printers to handle demanding 
print jobs. For mass printing, many corpora¬ 
tions go with huge digital printers and presses 
that cost tens of thousands of dollars. 

The plotter is another printer type that's not 
very well knovm outside the graphics and engi¬ 
neering industries. Plotters draw images with a 
series of colored lines and are more^precise than 
ordinary laser printers. Also favored for their 
large print area and their ability to work well 
with CAD (computer-aided design) software, 
most 42-inch plotters cost at least $8,000 and 
most 60-inch models cost a minimum of $14,000. 

■ Sound Improvements. To move 
beyond motherboard beeps and venture into 
the world of sound, sound cards are 
essential. Virtually every new system 
includes a sound card, of which there are 
three main standards: Ad Lib, SoundBlaster, 
and Windows. Almost every sound card on 


the market is SoundBlaster-compatible and 
has three basic components: a DSP (digital 
signal processor) for processing data; a DAC 
(digital-to-analog converter) for transform¬ 
ing digital data into analog audio sounds; 
and an ADC (analog-to-digital converter) for 
transforming external sounds, such as words 
spoken into a microphone, into digital data. 

In an older system, the sound card might be 
plugged into the ISA (Industry Standard 
Architecture) bus. If so, the simplest upgrade is 
to buy a sound card that plugs into the PCI 
(Peripheral Component Interconnect) bus. FM 
synthesis sound cards rely on analog-to-digital 
approximations of sounds; sound cards using 
wavetable synthesis technology capture bits of 
actual sound and play them back with amazing 
realism. And extremely high-performance audio 
cards support MIDI (Musical Instrument Digital 
Interface) input directly from musical instru¬ 
ments for higjily accurate audio representations. 

New speakers are the other obvious choice 
for improving your computer's sound. De¬ 
pending on what your sound card can handle, 
speakers can provide anything from a simple 
improvement over the computer's internal 
speaker to the multi-speaker illusion of three- 
dimensional sound. 

■ Instant Gratification. Because of the high 
visibility of output devices, upgrading them is 
one of the simplest ways to make meaningful 
improvements to your system. To get a better 
idea of what improvements you might benefit 
from the most, refer to "Return On Investment 
Chart: Output Devices" sidebar. [3 

by Cal Clindiard 
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You Can’t Afford 
Not To Upgrade 
Your Inkjet 

Inkjet Printer Improvements 
Make Newer Models Better 
& More Economical 


O ver the last couple of years, 

inkjet printer technology has advanced 
rapidly and dramatically. It is now pos¬ 
sible to achieve near-photo-quality printing 
with affordable, easy-to-install inkjet printers. 
The efficiency of these peripherals has also 
improved a great deal, letting you get more 
mileage out of each printer cartridge with a 
wider range of colors and print qualities. If your 
printer is more than a year old, or if you find 
yourself spending more on ink cartridges every 
few months than you originally paid for the 


printer, you may be a perfect candidate for an 
upgrade. Significant price reductions in the 
marketplace, along with improvements in print¬ 
ing technology, make printer upgrades a cost- 
effective way to get more out of your PC. 

■ Why Upgrade? There are several reasons 
why upgrading your inkjet printer might 
make sense for you. First, inkjet technology is 


eminently affordable. At most retail stores, 
inkjet printers sell for between $50 and $300, 
depending on the quality and features 
offered. And today's inkjet printers are far 
more advanced and economical than even last 
year's models. If you are still using a dot 
matrix or daisy wheel printer, you'll soon 
find yourself (if you aren't already) spending 
more on maintenance and supplies than 
you'd pay for a new inkjet printer. In addition 
to being more expensive to maintain, older 
printers are more difficult to supply and new 
OSes (operating systems) and applications are 
less likely to support them. 

Older inkjet technology uses far more mk 
than current models, often driving your true 
operating costs through the roof. Many users 
who simply bought the cheapest inkjet print¬ 
er they could find or settled for a "free" 
printer as part of a computer system pack¬ 
age, quickly discovered that replacing ink 
cartridges at the rate of one a 
month (even on a Sparse printing 
diet) is simply not economical in the 
long run. 

Additionally, new uses for print¬ 
ing make quality and efficiency 
more important. If you're a 
digital photography buff, or 
if you're the person family 
members always turn to 
when they need homemade 
greeting cards and invita¬ 
tions, or if you want to use 
desktop publishing for your 
home office, you'll appreci¬ 
ate the features and capa¬ 
bilities that current inkjet 
technologies offer. 

I Upgrade Without Buying 
Anything. There are, however, 
several ways that you may be able to 
get upgrade-type improvements out of 
your current inkjet printer without having 
to plunk down the extra cash for brand new 
equipment. As with any peripheral, an inkjet 
printer is often only as good as the computer 
that uses it. Printing is an extremely resource¬ 
intensive operation; your PC must make a tem¬ 
porary image of each print job before sending it 
to the printer for output. An outdated or over¬ 
loaded processor can affect print speed and 
performance, as can the amount of memory 
and allocation of hard drive space. 

In addition, it's a good idea to make sure 
your printer drivers are up to date. Drivers 
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are small but crucial pieces of software that 
help your OS talk to various devices. 
Compairies constantly update and tweak 
their drivers as bugs are fixed, new features 
are introduced, and OSes evolve. Visit your 
printer manufacturer's Web site regularly for 
driver updates. 

Also, check your printer configuration to 
make sure that your irikjet printer settings match 
the way you use the peripheral. For example, if 
you use yotu printer mainly for printing text 
recipes from the Web, you probably don't want 
to use your inlqet printer's top-quality settings 
with photo-optimized color options for this sim¬ 
ple task. Save your ink, especially your color 
ink, for more important tasks. The easiest way to 
do this is to m^e some adjustments from the 
Printer Properties dialog box. Open your Start 
menu, select Settings, click Printers, right-click 
the printer name, and select Properties to open 


You can also do several things with the 
printer itself to improve performance. Clean 
its paper feed tray and any other exposed 
parts regularly; dirt and dust can work their 
way into your printer, affecting print quality 
and shortening the life expectancy of your 
inkjet printer's intricate internal components. 
For more information about cleaning your 
inkjet printer, see the "Cleaning Your Inkjet 
Printer" sidebar. 

Perhaps the most important thing you can 
do to get the most out of your inkjet printer is 
to use the correct cartridge for the job. 
Many older inkjet printers only have one ink 
cartridge. Inkjet printers of this sort 


usually combine three 
colors to make black, 
wasting large amounts 
of expensive color ink in 
the process. If you have 
one of these printers, 
buy a cartridge of black 
ink, as well as a color 
cartridge. Then, switch 
between the two car¬ 
tridges depending on 
your job-by-job print¬ 
ing needs. 

True, switching back 
and forth between car¬ 
tridges is a hassle, but 
you could easily avoid 
this problem by buying 
a new inkjet printer that 
utilizes two cartridges (or more). Besides, 
many colorful pages have large amounts of 
black text or shading, which defeats the 
whole purpose of swapping cartridges. And if 
you rarely print in color, buying a new inkjet 
printer might be particularly, attractive, 
because you'll avoid the smudgy blue-brown 
type of black that combining colors can pro¬ 
duce. Plus, with a newer printer, you'll be less 
likely to find yourself in a situation where 
you have to buy a brand new $35 ink car¬ 
tridge simply because you ran out of yellow 
ink. Which leads us to our next topic: choos¬ 
ing the best printer for your needs. 

■ Make A Decision. At some point, 
though, you will probably find yourself 



you can find and install the most current 
drivers for your printer. 


Check Out Our Top Picks: 

Shopping For Inkjet Printers 


Lexmark Z43; 

HP DeskJet 940c; 

$99; 

$149; 

http://www.lexmark.com 

http://www.hp.com 

Canon S300; 

Epson Stylus C60; 

$99; 

$99; 

http://www.usa.canon.com 

http://www.epson.com 

Epson Stylus C80; 

Canon S630; 

$179; 

$199; 

http://www.epson.com 

http://www.usa.canon.com 


$150 To $250 


Notes: 

HP DeskJet 940c prints at 2,400 x 1,200 only on premium photo paper. 
Epson Stylus Photo 780 was originally $149. 


spending more money to 
preserve your old print¬ 
er and keep it full of ink 
than you would spend if 
you just bought a new 
printer. And even with 
the most diligent mainte¬ 
nance and conscientious 
cleaning, your old inkjet 
printer's quality will 
deteriorate eventually or 
some mechanical parts 
will simply stop work¬ 
ing. The price of inkjet 
technology today makes 
the question of repairing 
a broken printer moot: It 

_ will almost always be 

cheaper to simply buy a 

new inkjet printer. 

And you may want to upgrade your printer 
even if you don't strictly need to. Anyone who 
wants to print photos from a new digital cam¬ 
era, create attractive and colorful publications, 
or start printing in large quantities should con¬ 
sider the benefits of upgrading. 

When it's time to choose a printer, under¬ 
standing the basics of how inkjet printers 
work will help a great deal in deciding what 
features are important to you. Inkjets print by 
spraying tiny droplets of ink onto paper in 
certain patterns, thereby creating letters, lines, 
or images. These dots are positioned very pre¬ 
cisely, with resolutions up to 2,400 x 1,200 dpi 
(dots per inch). Color printing is accomplished 
in the same way but by using different colored 
inks. The dots of ink are positioned so that the 
colors combine, creating 
the illusion of a broad 
range of hues and gradi¬ 
ents. The varying methods 
of applying this process 
account for the differences 
in resolution, cartridge use, 
colors, speed, and price 
among brands and models. 

Each printer manufac¬ 
turer has a slightly differ¬ 
ent way of spraying the 
ink droplets onto the 
paper, and each claims 
that their method is supe¬ 
rior. At the end of the day, 
however, results are what 
matter. You can measure 
these results in several 
different ways. 


Sharp AJ-2000; 

$129; 

http://www.sharp-usa.com 

Epson Stylus Photo 780; 

$99; 

http;//www.epson.com 

Epson Stylus Photo 785EPX; 
$199; 

http://www.epson.com 
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Resolution refers to 
how many dots a printer 
squeezes on to each inch, 
creating the measure¬ 
ment known as dpi. 
Higher resolutions mean 
higher-quality prints. 
Resolution is crucial for' 
printing photos and 
desktop publishing pro¬ 
jects. It is less important 
if you print text almost 
exclusively. Printers on 
the market today gener¬ 
ally range between 600 x 
300 dpi and 2,400x1,200 
dpi. The resolutions 
for black and color print¬ 
ing frequently differ, 
so check a printer's 
advertised resolutions 
carefully before making 
a choice. 

Also, determine to 
what type of printing 
advertised speeds refer. 
Inkjet printer speeds can 
vary considerably, rang¬ 
ing from 2ppm (or less 
while printing some 
photos) to lOppm (pages 
per minute) or more. Of 
course, printing a variety 



This is an exampie of a printer assembiy 
that uses two cartridges: one for biack ink 
and one that contains severai reservoirs of 
coiored ink in a singie cartridge. 



After making aii of your seiecHons from 
the Printer Properties diaiog box, ciick the 
Print Test Page button on bottom right of 
the Generai Properties tab. 


of colors is generally slower than printing a 
single color or a limited amount of colors. 

In addition, there are several different ways 
of configuring cartridges for inkjet printers. 
Some use a single cartridge (with either black 
or multiple colors of ink in the same cartridge); 
some use two cartridges (one for black ink, one 
for color ink); and some use separate car¬ 
tridges for each color, including black. 

As we discussed earlier, inkjet printers that 
use a single cartridge force you to either waste 
copious amounts of ink combining the colors 
to make black or forgo color printing altogeth¬ 
er and just use a plain black ink cartridge. 
When buying a new inkjet printer, always look 
for one that has a separate black ink cartridge 
and at least one color cartridge. Inkjet printers 
that use cartridges for each color are helpful if 
you print a lot of high-resolution color images, 
because you only have to replace the cartridge 
for the color that went dry. But if your color 
printing requirements are pretty light, you'll 
probably find that the usage for each color 
will even out over time, and replacing one 
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multicolor cartridge 
is cheaper than replac¬ 
ing three individual 
color cartridges. 

Color inkjet printers 
use either a four-color or 
sb«olor printing process. 
Four-color printing is 
the most common and 
affordable of the options, 
and it's based on the 
CMYK (cyan-magenta- 
yeOow-black) color stan¬ 
dard. By arranging the 
CMYK dots, the four- 
color printing process can 
still produce millions of 
color combinations. 

■ Narrow Down Your 
Choices. There are also 
technical and mechani¬ 
cal issues to take into 
account when upgrading 
your inkjet printer. 
Printers generally con¬ 
nect to your PC in one of 
two ways; through your 
parallel port or through 
a USB (Universal Serial 
Bus) port. USB printers 
are increasing in popu¬ 
larity, but parallel print¬ 
ers are still more common. The difference 
between the two is essentially a matter of 
speed vs. reliability, but your choice might 
actually be determined by what you have 
available. Although USB printers are faster 
and more portable, parallel port technology is 
extremely stable and almost uiuversally com¬ 
patible. If you don't 
have USB ports on 
your PC, or if an¬ 
other peripheral is 
already using your 
parallel port, howev¬ 
er, you may not have 
much of a choice in 
the matter. 

You should also 
look into the features 


The DeskJet 940c proves that HP's 
printers do a good job of balancing 
text and color output, while still 
keeping an eye on the clock. 


available for a given printer. Does it have a 
range of modes (such as draft printing and 
high-quality printing), color schemes (such as 
for photos or in grayscale), and configuration 
tools (which let you, for example, print 
envelopes, business cards, or two-sided 
copies)? Depending on the quantity of your 
printing projects, durability may also be an 
important factor to consider. If your printing 
needs are large, requiring more than 100 pages 
a week, the cheapest inkjet printers may not be 
able to physically handle that workload. 

Compatibility is, of course, an all-important 
factor. Make sure that any printer you buy will 
work with your platform, your OS, and your 
hardware profile. In addition, look at the tech¬ 
nical support and warranties provided with 
each printer you consider. You may find that 
an available 24-hour, 7-day-a-week, toll-free, 
tech support hotline and a strong warranty that 
includes printer parts are often worth paying a 
little extra. 

There are several logistical factors to take 
into account with any new printer purchase, 
too. Depending on your intended uses for the 
printer, you may need to make sure it will 
print to different surfaces, such as photo 
paper, card stock, transparencies, iron-on 
transfers, and glossy sheets. How much paper 
a printer will hold and how the paper feeds 
into the printer (such as if it uses a series of 
trays or a manually fed method) may also be 
important to you. Plus, you may need to con¬ 
sider the size of a printer's footprint, as in how 
much desk space it will consume and how 
much room you have. 

Prices for inkjet printers continue to fall. 
Currently, you can find quality inkjets with 
price tags as low as $50 (with mail-in rebates) 
and as high as $300. Even so, keep in mind that 

























there are hidden costs when considering the 
overall price of a printer. For one thing, the price 
and number of ink cartridges it uses is a big fac¬ 
tor. Second, the printer's efficiency in ink usage 
(you can often find out how many pages you 
should get out of an ink cartridge and calculate 
that to determine your cost per page), the avail¬ 
ability of its supplies, and its durability should 
be on youur list of considerations. Finally, pur¬ 
chasing special paper or required accessories 
also may significantiy affect your bottom line. 

■ The Inkjet Installation. Installing a printer 
is actually one of the simplest upgrade proce- 
I dures you can undertake. Very little assembly is 
required, and most printers sold today have no 
problem with plug-and-play compatibility. 
Simply connect the printer to your PC, plug its 
cord into a surge protector (which connects to a 
power outlet), install its bundled software, and 
you should be up and running. 

We can provide you with general directions 
involved with setting up your new inkjet 
printer, but you should read the documenta¬ 
tion that comes with your printer to get any 
brand- or model-specific information. Before 
you buy, of course, do some research about 
which manufacturers have the best reputations 
for quality, reliability, and particular features. 
Also, you will probably need to buy an appro¬ 
priate printer cable (unless you already have a 
good one), because printers rarely come with 
PC connection cables. 

Once you bring your new printer home, 
unpack it and collect the materials you will 
need. These will normally include the printer 
itself, any included ink cartridges (you'll usual¬ 
ly get a free set or two with your new printer), 
any loose paper tray or vertical tray pieces, your 
' printer cable, some paper, and the manufactur¬ 
er's installation CD-ROM. It won't hurt to have 
your Windows installation CD-ROM handy, 
either, because the printer might prompt you 
for it when it's time to install drivers. 

First, look over your printer and its accom- 
I panying parts and remove any tape or foam 
pieces that were put in place at a factory to 
I hold moving or sensitive parts in place. The 
; documentation may give you a list or diagram, 
i or you may just need to look closely at your 
' printer and inside its cover. Check this careful¬ 
ly; you don't want to spend an hour trou¬ 
bleshooting your new printer only to discover 
that a hidden piece of tape was keeping the 
print head from moving. 

Next, plug the printer's power cord into a 
, surge protector and turn it on. You should 


Print Photographs 



Inkjet printers bundle with software that 
lets you designate how you want your pho¬ 
tographs and graphics to appear in print 


O ne of the driving forces 
behind the recent explo¬ 
sion of inkjet technology has 
been the demand for an 
affordable way to print good 
quality photo reproductions. 
Color laser printers are far 
beyond the financial means 
of most home or small office 
users, and the development 
•of digital imaging technology 
has created an entirely new 
market in printing photos. 

If you plan to print digital, 
scanned, or downloaded 
photos, print resolution and 
color quality are especially 
important features to keep in 
mind when considering an 
upgrade. Look for a printer 
with a color resolution of 
1,440 x 720 dpi (dots per 
inch) or higher, as well as 
one that uses separate ink 
cartridges for each color. In 
addition, invest in high-quality 
photo inkjet paper. You can 
purchase either standard or 
glossy photo paper, but the 
glossy paper is preferable. 
Although the glossy paper is 
more expensive, it presents 
sharper colors and gives your 
photos a professional touch. 
Photo paper generally costs 
between 40 and 80 cents a 
sheet (as opposed to one or 


two cents a sheet 
for standard copy 
or coated inkjet 
paper), but is well 
worth the cost if 
you want to avoid 
ink bleeding, 
curled up paper, 
and dull colors. 

You can also 
optimize your 
settings for 
photo printing 
from your config¬ 
uration tools. 

Using the Printer 
Properties dialog 
box (select 
Settings and 
Printers from the Start 
menu, right-click a specific 
printer name, and choose 
Properties), you can 
adjust the hue, saturation, 
intensity, and color levels 
to meet your needs. Run a 
few test photo prints to 
make sure you’re happy 
with the results. Remember 
that because monitors 
display colors in RGB (red- 
green-blue) mode and 
printers print in CMYK 
(cyan-magenta-yellow- 
black) mode, colors in print 
may vary slightly from what 
appears on-screen. 


If you really start to get 
serious about printing pho¬ 
tos from your computer, 
you may want to look into 
dye-sublimation printers, 
which use a thermal 
process that heats ink until 
it vaporizes and permeates 
the paper beneath it. This 
produces more realistic 
photo-quality pictures and 
longer lasting images. 
Prices are falling rapidly 
for products using the dye- 
sublimation technology, 
and several printers are 
now available for between 
$200 and $500.'□ 


hear the print head and rollers initializing. 
Open your ink cartridge, remove the tape that 
keeps air from touching the nozzles, and insert 
the cartridge into the printer. Again, check 
your documentation for specific directions on 
how the cartridges are seated; usually they 
snap into a sliding plastic holder that moves 
into view (and is in a position of easy access) 
when you lift the front cover. Add some paper 
to the tray or hopper (vertical tray), and the 
physical setup of your printer is complete. 

Now you'll need to connect the printer to 
your PC by powering down your PC and con¬ 
necting the printer cable and connector to an 
available port on the back of your PC. The port 


you use will probably be either a parallel or 
USB port. Insert the appropriate connector 
snugly into place. 

Boot up your computer. Either your PC will 
recognize the new printer while Windows is 
loading and begin the setup process (asking 
you to point it to the drivers found on the 
installation CD-ROM) or your OS will boot up 
as though nothing has changed, at which point 
you should insert the installation CD-ROM 
and run the setup utility according to the man¬ 
ufacturer's instructions. 

Once you've answered all the questions 
and selected all of your options, the setup 
utility will probably ask if you want to print 


Learning Series / PC Upgrades 37 





















Cleaning Your Inkjet Printer 



Almost every InKfet printer comes with 
software tools you can use for cleaning 
and maintenance tasks. 


T he regular maintenance and 
cleaning of your inkjet printer 
and its components can prolong 
the life of your printer and help 
you get more out of your ink car¬ 
tridges. From software utiiities to 
retail cleaning kits to simple 
home maintenance remedies, 
there are a variety of ways you 
can keep your inkjet printer run¬ 
ning at peak performance. 

The easiest way to clean 
your inkjet printer is to use the 
cleaning utiiities that are part of 
nearly every printer manufac¬ 
turer’s software. You can usual¬ 
ly access these utilities from 
the Printer Properties dialog 
box, which you’ll find by open¬ 
ing the Start menu, selecting 
Settings and Printers, right- 
clicking a specific printer name, 
and choosing Properties. 
Cieaning utilities iike this run 
inkjet printers through several 
diagnostic steps and a cleaning 
cycle that typically involves 
forcing smail quantities of ink 
through each jet and ensuring 
that the nozzles and contact 
surfaces of the print head are 
clear. Many printers run 
through an abbreviated version 
of this cleaning cycle each time 
they are powered up, but you 
should still run the full cleaning 
utility periodically. 

Software cleaning utilities will 
usually suffice to keep your 
print heads clean, but if you’re 
having trouble with print quality 
and have run the cleaning tool 


several times with no luck, you 
may need to physically inter¬ 
vene. Remove the ink cartridge 
from its seat to look at its parts 
(but don’t leave it outside of the 
printer for more than 30 min¬ 
utes). You should see both 
copper contacts and small noz¬ 
zles (tiny openings) through 
which ink flows. The manufac¬ 
turer’s recommendations for 
physical maintenance will usu¬ 
ally indicate that you shouldn’t 
touch the copper contacts or 
nozzles, because it might 
cause ink clogs or a poor 
electrical connection; but if 
necessary, you can try gently 
wiping the contacts and 
nozzles with a moist cotton 
swab (using distilled water) or 
a soft, lint-free material. 

As a very last resort, some 
people have reported success 
using rubbing alcohol or 
straight pins to clear out 
clogged nozzles. 

This also isn’t rec¬ 
ommended, 
because you could 
damage the car¬ 
tridge or create air 
bubbles in the ink 
reservoir. Ink car¬ 
tridges are cheap 
enough that if soft¬ 
ware utilities and a 
good swabbing 
don’t fix the prob¬ 
lem, you should 
simply replace 
the cartridge. 


Because cartridges 
are so much cheaper 
and easier to replace, 
many inkjet printer man¬ 
ufacturers now place the 
print heads right on the 
cartridges themselves. If 
you suspect that you 
have copper contacts 
and print heads inside 
your printer that need 
cleaning, read the users 
manual to see what it 
says about cleaning 
them. Some printer 
manufacturers also sell 
(or give away) cleaning 
kits that come with 
materials and instructions for 
maintaining internal print 
heads. Invest in one of these 
kits if changing cartridges 
doesn’t fix your problem. 

Prevention is probably the 


to keep your printer clean. 
Shut it off and keep it cov¬ 
ered when not in use (cover¬ 
ing a printer that is “on” can 
cause it to overheat). Also, 
periodically open the cover to 
clean out any dust or debris 
that has accumulated. Most 
printer manufacturers provide 
cleaning tips and guidelines 
on their Web sites. Check the 
customer service or technical 
support areas of your printer 
manufacturer’s site for more 
detailed information. 



(squeeze excess water from the swab) and only 
clean the specific areas of your inkjet print 
cariridge that we Indicate in the above 
Illustration. Avoid touching a cartridge’s copper 
contacts or ink nozzles, because doing so could 
cause Ink dogs or a poor electrical connection. 


i 


a test page. It's a good idea to do this now, 
because it helps you make sure everything is 
working correctly and that all your colors 
and characters print properly. If you aren't 
prompted for a test page, open your Start 
menu, select Settings, click Printers, right- 
click the icon for your new printer, choose 
Properties from the pop-up menu, and click 
the Print Test Page button on bottom right of 
the General Properties tab. 


As you begin to use your printer with your 
everyday computing tasks, you can return to 
the Printer Properties dialog box anytime to 
make adjustments or print additional test 
pages. Here, you can remove and reinstall 
your printer or change its settings (such as 
whether Windows should use it as your 
default printer). You can also access basic 
Windows configuration utilities for your 
printer after it has been successfully 


installed. These utilities let you update dri¬ 
vers, adjust color management settings, and 
set paper and ink saturation options. Many 
manufacturers also add extra options to this 
dialog box, giving you access to their custom 
tools for printer management. ® 

by Gregory Anderson 
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For Workhorse 
Power, Use Laser 
Printers 



The Time To Buy Or Accessorize 
Your Printer Is Now 


I s it time to put that old inkjet printer in the 
closet and buy a laser printer for those 
more demanding print jobs? Or do you just 
need more functionality than your current laser 
printer provides? Regardless of the reason, 
now is the time to buy a new laser printer for 
your home or office. Prices for monochrome 
(black) and color laser printers are falling, and 
laser printer quality is steadily improving. But 
if you'd rather pursue the "remodeling" route 


for now, you'll be glad to know that several 
accessories are now available to improve the 
laser printer you already have. 

■ Decisions, Decisions. The type of printer 
you need depends on what you intend to print. 
In general, kser printers print more sharply and 
quickly than all but the most expensive inkjet 
printers. If you usually print text documents, 
such as term papers or company reports, along 


with a few logos, charts, or images, then a 
monochrome laser printer fits the bill nicely. On 
the other hand, if you need to print color pho¬ 
tographs and don't care if text is fuzzy, then 
you might be happy with a specialized color 
inkjet printer. (For more information, see "You 
Can't Afford Not To Upgrade Your Inkjet" on 
page 34 in this issue.) 

On the other hand, if you rarely need to print 
color images but find it necessary to print a lot 
of documents with crisp text, you mi^t consid¬ 
er purchasing both a monochrome laser printer 
and a midrange color inlqet printer. If you want 
both crisp text and high-quality color images, 
then consider buying a color laser printer. 

Of course, when you buy a printer, you'll 
find that higher-quality products cost more. 
Price tags for laser printers start at around 
$200, and if you want more than just the bare- 
bones features, you'll have to pay extra. For 
example, expect to shell out some cash if you 
want higher print resolutions, a NIC (network 
interface card), a duplex uivit, PostScript, more 
printer memory, and the capability to print 
large paper sizes. A fully loaded laser printer 
for the home or small office can cost more than 
$2,000, whereas a professional quality inkjet 
printer with these features will cost much less. 

But don't be led astray by the initial purchase 
price, because it does not represent the total cost 
of owning a printer. You also need to consider 
how mudi it costs to print each page. Although 
the initial cost of a la^r printer may be higher 
than that of an inkjet, the cost per printed page is 
usually less with a laser printer in the long run. 
That's because laser printers can print thou¬ 
sands of pages before you need to replace the 
toner cartridge, and inkjet printers can only 
print several hundred pages before you need to 
add ink. Toner for a laser printer can cost from 
$40 to'$150 per cartridge, and prices for inlqet 
cartridges range from $10 to $55. 

The cost of paper is another consideration. 
In this category, inkjet printers will also cost 
you more cash, because the paper you use 
must be capable of absorbing more ink. Some 
inkjet print jobs even require special glossy 
paper fet can cost more than $1 per sheet. 

Do your homework when you shop for a 
new printer. The most convenient place to find 
information is on the Web. A searA for "shop¬ 
ping computer," "shop printer," or "buy print¬ 
er" using your favorite search engine should 
give you hundreds of leads. Some online 
retailers, such as PC Connection (http://www 
.pcconnection.com), let you browse all of their 
available printers and perform side-by-side 
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feature comparisons. After you narrow down 
these selections and decide which printers you 
are interested in, visit the Web sites of their 
manufacturers to find out more detailed infor¬ 
mation. If you require extremely intricate 
information, some vendors even let you down¬ 
load their printer manuals for free. 

Before you buy a new printer, visit a local 
computer store that sells the printer and print 
a few sample pages from a display model. 
That way, even if you purchase the printer 
from an online store, you can see exactly what 
the printer looks like and how it prints. 

■ Laser Printer Specifics. When you print 
a document, a laser printer focuses a laser 
beam onto a photosensitive metal cylinder (a 
drum), causing static electricity to position dry 
toner in the shape of the dociunent's images or 
characters. The laser printer turns the drum, 
transfers the toner to paper, and heats it, there¬ 
by binding the toner to tihe paper. 

Good laser printers have a high print resolu¬ 
tion. A resolution of 600dpi (dots per inch) is 
enough to make normal-siz^ text and most line 
drawings appear crisp. If you look carefully, 
lower resolutions, such as 300dpi, often result in 
blocky text and jagged lines. Higher resolutions, 
such as 1,200dpi or 2,400dpi, look extremely 
sharp but take longer to print. To save time for 
documents printed as drafts, most printer dri¬ 
vers let you print at a lower resolution than the 
maximum listed for your printer. For example. 


printers capable of 1,200dpi often let you print a 
document at 600dpi (or lower). 

For some printing needs, speed makes a big 
difference. The speed of a printer is measured in 
ppm (pages per minute). Slow laser printers 
print at less than lOppm, whereas fast ones can 
print at a rate of more than 20ppm. If you need 
to quickly print out multiple copies of a large 
report on a regular basis, then speed should be 
at the top of your priority list when purchasing a 
new printer. But if time is not of the essence and 
you're more interested in a lower price tag, then 
a slower printer is just fine. Usu^y, the faster 
the printer, the more expensive it is. 

In addition, make sure that the laser printer 
you're considering can handle the paper types 
and sizes that you intend to use. Laser printers 
normally print on ordinary 8.5- x ll-indi (letter 
size) copy paper. You'll find that some laser 
printers can't print to 8.5- x 14-inch (legal size) 
paper, so if you need this capability, look for a 
printer that has it. Larger format printers capa¬ 
ble of printing to 11- x 17-inch and 13- x 19-inch 
paper is another specialized feature to look for if 
your print jobs require larger paper. 

Some laser printers eite require additional 
mechanisms or are unable to print on both sides 
of the page (duplex), so remember to check for 
this if your printing projects routinely need 
these requirements. If you need to print to trans¬ 
parencies, envelopes, labels, or thicker card 
stock, make sure you specifically look for these 
capabilities among your printer's features, too. 


Check Out Our Top Picks: 

Shopping For Laser Printers 


Less Tally T9412i; $399; 

Than http://www.tally.com 

$400 


Lexmark E210; $199; 
http;//www.lexmark.com 


HP LaserJet 1200se; 
$399; http:// ’ 
www.hp.com 


$400 To 

$ 1,000 


Xerox Phaser 3400; $649; NEC Superscript 1450N; 
http://www.xerox.com $699; http://www 
.nectech.com 


Lexmark T520; 
$699; http://www 
.lexmark.com 


More 

Than 

$ 1,000 


Panasonic KX-P7510; 
$1,249; http://www 
.panasonic.com 


Lexmark T622; $1,699; 
http://www.lexmark.com 


Samsung ML-7300N; 
$1,149; http://www 
.samsungusa.com 


Color 

Lasers 


Lexmark C720; $2,099; 
http://www.lexmark.com 


Minolta-QMS Magicoior 
2200 DeskLaser; $1,299; 
http://www.minolta-qms.com 


Tally T8006; $1,299; 
http://www.tally.com 


Notes: 

The Tally T9412i Is incredibly easy to set up and has great text quality. 

The Minolta-QMS Magicoior 2200 DeskLaser often sells for less than its listed price. 


And before you buy a laser printer, make 
sure it can communicate with all the computers 
that you want to print from. The three most 
common printer languages are PCL (Printer 
Control Language; developed by Hewlett- 
Packard), Adobe PostScript,, and Windows GDI 
(Graphics Device Interface). Some printers use 
their own proprietary printing language, but 
most PCs are able to print to a printer that sup¬ 
ports PCL. PostScript is sometimes better for 
graphically intense print jobs, which is why 
graphics designers often prefer it. Besides, 
many graphics designers use Macintosh com¬ 
puters and Macs require PostScript printers. 

Windows GDI printers, which are less 
expensive than other types of laser printers, use 
your PC's memory to store and print docu¬ 
ments. The more powerful the computer, the 
faster it will print to a Windows GDI printer. 
Unfortunately, DOS and non-Windows PCs 
can't print to Windows GDI printers. Printers 
with proprietary printing languages (non-PCL 
or PostScript) usually run into the same limita¬ 
tions as Windows GDI printers. And because 
you cannot upgrade a Windows GDI or propri¬ 
etary printer to PCL or PostScript, avoid pur¬ 
chasing Windows GDI printers or printers rely¬ 
ing on proprietary printing languages for a 
home or small-office network. 

If you're buying a new printer and want to be 
sure it'll work as your network grows, your best 
bet is to purchase a PCL printer and upgrade it 
to PostScript if you need to. Flowever, if your 
network orily includes PCs and you can put up 
with the limitations of a Windows GDI printer, 
then you might consider one, simply because it's 
often less expensive than other laser printers. 

The printing language is not all you have to 
worry about; you also need to consider how 
your printer will connect to your computer. 
Printers connect to PCs through various inter¬ 
face ports, usually parallel or USB (Universal 
Serial Bus). In the "Printer Interfaces" section 
below, we'll also discuss how you can add 
interfaces to some laser printers for Ethernet, 
AppleTalk, or infrared connections. 

Many people don't consider the size and 
weight of their printer before they buy it. Be 
aware that a fully loaded printer that accom¬ 
modates large paper sizes, has a duplex unit, 
and contains an extra paper tray will consume 
a lot of space in your home office. 

Also, how noisy is the printer when it 
prints? Is it supposed to make a loud, scraping 
sound when you use the duplex unit or print 
envelopes? Your printer should also use power 
frugally and have an energy-saving mode to 
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save power when it is not in use. It's best to 
visit a printer in the store and see it work in 
person so you know what you're getting. 
Don't let a large, noisy, power-hungry printer 
into your home or office unless that's the only 
way to get the features you need. 

^metimes you can save some money if you 
buy a refurbished printer. Just make sure to buy 
a refurbished printer from a reliable vendor that 
will take it bad if it quits working within 
a predetermined period of time. When 
you buy a printer, look for a warranty 


drum, LED printers use an array of LEDs 
across the width of the page. The LEDs flash as 
the drum turns to create the image. Because 
there are fewer moving parts in LED printers, 
they are usually less expensive than laser 
printers. And the output of an LED printer 
looks similar to that of a laser printer. 


that covers parts, labor, and shipping 
costs. Extended warranties come in 
handy down the road if you try a new 
feature on the printer and find out it 
doesn't work. 

Printer S.l.ctor 


m 

m 


■ With Splash Of Color. Although a 
laser printer is the best printer choice for 
crisp text, if you also want to print in 
color, you need to choose between an 
inkjet and a color laser printer. Color 
laser printers combine the advantages of 
sharp text and full color, but they are 
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usually larger and weigh more than a 
comparable monochrome laser printer. 






What's more, they cost a bundle. 

The stumbling block for color laser 
printers is the high price. Color laser 
printers start at prices of $1,500 and up, 
which is much more expensive than 
monochrome laser printers. Color laser 
printers print each color (cyan, magenta, " ' 
yellow, and black) in a separate pass 
and require four toner cartridges ranging from 
$50 to $150 each. The cost of a color laser print¬ 
er might be justified if you are a graphics 
designer who needs to prepare color proofs or 
if your business needs to make flashy color 
charts or booklets. Also, keep in mind that 
some color laser printers use normal paper 
when printing black but require more expen¬ 
sive, special paper for color printing. 

Setting up color laser printers to print bal¬ 
anced and consistent color can be tricky and 
time-consuming. Often, you need to nm align¬ 
ment and calibration procedures to line up the 
colors and correct the balance. You can cali¬ 
brate some color laser printers through soft¬ 
ware, but for others, you may need to adjust 
settings on the printer itself. 

■ LED Printers. LED (light-emitting diode) 
printers function similarly to laser printers. 
Like laser printers, they rely on static electrici¬ 
ty to position dry toner on a photosensitive 


rs to compare printers side by si 


Low-end monochrome LED printers cost 
about $350. If you need to print numerous, 
sharp, colorful pages in a hurry, a color LED 
printer may be just what you need. You'll pay 
plenty for that need, though: color LED print¬ 
ers cost at least $2,500. Some color LED print¬ 
ers contain four drums (one for each color) 
and print in one pass instead of the four pass¬ 
es required by a color laser printer. This type 
of one-pass printing offered by color LED 
printers significantly reduces the time needed 
to print color documents. Printing mono¬ 
chrome documents on these four-drum LED 
printers, however, is no faster than it would 
be with a laser printer. 

■ Add On To A Laser Printer. If you have 
the right laser printer, you can soup up its fea¬ 
tures for less than the cost of a new one. In 
general, some features on your printer are not 
upgradeable. For example, you normally can¬ 
not upgrade a monochrome laser printer to 


color, or a laser printer to an LED printer. But 
on many printers, you can add memory, 
PostScript, new interfaces, duplex capabilities, 
paper trays, and scanning units. 

The least expensive way to add functionali¬ 
ty to your laser printer is to install improved 
printer driver software. Printer vendors usual¬ 
ly provide their printer drivers as a free down¬ 
load from their Web sites. (In some cases, you 
may need to purchase a printer driver 
upgrade.) New drivers often support 
more OSes (operating systems), print 
faster, or add new features. Check the 
vendor's instructions to update your 
printer driver. 

■ Boost Your Memory. Adding 
memory to your printer can vastly 
improve its performance. Your printer 
temporarily stores print jobs in its 
memory. Adding more memory to 
your printer enables it to print faster 
and handle more jobs at once. In some 
cases, adding memory to your printer 
can increase print resolution and enable 
special effects such as half-toning. (In 
fact, some printers' advertised print 
resolutions are unavailable until you 
add more memory.) 

A few printers let you add industry- 
standard SIMMs (single in-line memo¬ 
ry modules) or DIMMs (dual in-line 
memory modules). If so, you're in 
luck, because memory prices are 
extremely low right now. Other print¬ 
ers require special memory modules, which 
can be more expensive than SIMMs or 
DIMMs. Occasionally, you might need to 
insert memory modules in pairs, or replace a 
module already in your printer. Check the 
printer manual to find out what kind of 
memory to add and how to install it. 

■ The PostScript Advantage. You can add 

a PostScript upgrade to many printers. Adobe 
designed the Pos6cript language to print any 
document, no matter how complicated, and to 
print to any printer, no matter what the resolu¬ 
tion. Of course, the higher the resolution of the 
printer, the cleaner the printed document will 
look. Pos6cript handles gradual shading and 
color blends very well. 

Since Adobe introduced PostScript, it has 
gone through several revisions. Most applica¬ 
tions and printers rely on PostScript Level 2, 
but the most recent version is called 
PostScript 3. Depending on your laser printer. 
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you may be able to purchase 
hardware or software PostScript 
upgrades. Check the Web site of 
your printer's manufacturer for 
more details. 

Hardware upgrades are much 
faster but more expensive. A 
PostScript hardware upgrade 
comes as a module (whidi looks 
like a memory module) that you 
can install inside your printer. 

These modules cost anywhere 
from $150 to $300. The HP 
2500C Postscript Upgrade Kit, 
for example, sells for $249.99 
(888/999-4747; http://www 
.shopping.hp.com). 

To perform a PostScript soft¬ 
ware upgrade, you'll need to install the soft¬ 
ware on the computer that your printer attaches 
to. The software upgrade uses your computer's 
processor and memory to translate PostScript 
documents for your printer, so printing perfor¬ 
mance depends on the power of your PC. 
Software upgrades are available for many print¬ 
ers starting at $100. 

■ Printer Interfaces. Windows Printer 
Sharing is an easy way to print to a printer 
from any computer in a small network. If the 
PCs on your network run Windows 95, 
Windows 98, Windows Me, Windows XP, 
Windows NT, or Windows 2000, then you can 
print to a printer connected to one of these 
computers' parallel or USB ports. Windows 
Printer Sharing has a few disadvantages: the- 
attached computer must be running, the com¬ 
puter can get bogged down while printing, 
and computers with different OSes may not be 
able to use the full functionality of the printer 
(if they can print at all). 

If you have a small network and want to be 
able to print from any computer on the net¬ 
work, consider a NIC upgrade for your print¬ 
er. If you add a NIC to the printer, you'll 
attach the printer directly to an Ethernet net¬ 
work. (See the manual that came with your 
printer for instructions about how to add a 
NIC.) That way, any computer on the network, 
when properly configured with the right dri¬ 
ver, will be able to print to it. 

Unfortunately, laser printers often require 
their own custom network interface, which is 
usually much more expensive than a NIC for 
your PC. In fact, adding a NIC to your printer 
usually costs between $250 and $500. Printer 
NICs come in 10Mbps (megabits per second) or 
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100Mbps speeds. Visit your printer vendor's 
Web site to see what NICs are available for your 
printer. The HP JetDirect Connectivity Card 
J4135A (found at http://www.shopping 
Jip.com) is an example of a NIC for HP printers. 

Another way to send documents to your 
printer is by using infrared. An infrared or 
IrDA (Infrared Data Association) printer inter¬ 
face makes it easy to print from a notebook or 
handheld computer without connecting 
cables. But before you invest in an infrared 
interface for your printer, make sure that it 
uses the same protocols as the infrared port of 
the computer you want to print from. Infrared 
printer interface upgrades start at only $50. To 
find out if an IrDA upgrade is available for 
your printer, visit the Web site of your printer 
vendor. For example, you'll find an IrDA 
upgrade kit for an NEC 1800 printer for 
about $100 at the NEC Technologies site 
(http://www.nectech.com/printers). 

If your PC shares a laser printer with 
Macintosh computers and a NIC upgrade is 
not feasible, you can add an Apple LocalTalk 
interface to certain printers for about $100. 
Macs use the AppleTalk protocol to communi¬ 
cate through either an Ethernet or a LocalTalk 
interface. AppleTalk is included in all 
Macintosh computers. An Ethernet printer 
with AppleTalk can handle print requests from 
Macintoshes, and at the same time, take 
PostScript or PCL requests from Windows 
PCs. For more details, visit Apple Computer 
(http://www.apple.com). 

■ Print Servers & Hard Drives. If you 

can't add a NIC to your printer, you can still 
print to it over an Ethernet network if you 
attach it to a print server. A print server is a 


peripheral device that looks like a 
modem or router and attaches to 
your printer's parallel or USB port 
and an Ethernet network. The 
only function of a print server is 
to process print requests from the 
network. Print servers are inex¬ 
pensive. For example, the HP 
JetDirect 170X Office Connect 
costs $143.99. 

For people who have a wireless 
network, such as IEEE 802.11b, in 
their home or office, wireless 
print servers keep you cable-free. 
The DP-313 Wireless Print Server 
from D-Link Systems costs 
$279 (800/216-1256, 949/707- 
3088; http://www.dlink.com 
/products/print/dp313). Remember, you 
need to have a wireless connection in every 
computer that you print from when you use 
a wireless print server. 

Some laser printers include hard drives that 
store fonts, large print jobs, or custom graphics 
in order to speed up print jobs. In many cases, 
you can purchase a hard drive upgrade for 
printers (that are designed to include hard dri¬ 
ves), but expect to pay $400 or more. As with 
any other upgrade, the best place to find out 
what is available is at the Web site of your print¬ 
er's vendor. For example, you can order a hard 
drive upgrade to a Ricoh AP2600 printer for 
$400 at Ricoh's site (http://store.ricoh-usa.com). 

■ What Else Can I Add? If you print on 
several types of paper, then a laser printer 
with multiple paper trays will save you time 
unloading and reloading paper. Additionally, 
a large paper tray means less wasted time 
refilling small empty trays. Extra paper trays, 
which often stack underneath the printer, are 
available for many types of laser printers. 

Printer accessories are as plentiful as print¬ 
ers are. You can add accessories for duplex 
printing, collating, and stapling to some mid¬ 
range laser printers. And you can add scanner, 
fax, or copier units to some less expensive laser 
printers. If you are buying a new laser printer, 
you might want to purchase one that is 
expandable so you can add extras later on 
when you need them. 

With good fortune, you will have a long rela¬ 
tionship with your printer. And like any long¬ 
term relationship, you should know exactly 
what you're getting into before you start. 

by Andrew Kuster 














Get The Picture? 


When Buying A CRT Monitor 



What To Consider 


R efresh rates. Aperture grilles. Dot 
pitch and stripe pitch measurements. 
Maximum resolution settings. And 
the list goes on. When upgrading your com¬ 
puter monitor, there are many factors and 
I features to consider. At first glance, figuring 
out what's out there and deciding which 
monitor will best suit your needs can seem so 
I overwhelming that you may be tempted to 
close your eyes and say, "eenie, meenie, 
miney, moe." 

' Well, there's no need to blindly choose your 
next monitor. If you're in the market for a new 
CRT (cathode-ray tube) monitor, let us help. 
We'll show you what to look for when upgrad¬ 
ing your monitor and give you some tips on 
how to get it set up and running. Here's a 
. guide to the basics. 


The first thing to understand about moni¬ 
tors is they fall into two main categories. CRT 
monitors make use of an electron beam that 
moves across the back of the screen. This beam 
lights up phosphor dots inside the glass tube, 
thereby causing an image to display. This 
technology is similar to that of the picture 
tube inside your television, and it is common 
in many desktop computer monitors. LCD 
(liquid-crystal display) monitors, on the other 
hand, rely on a current transmitting across a 
display grid. The picture quality tends to be 
superior to that of a CRT, but it comes with a 
higher price tag. For this reason, the technolo¬ 
gy is often used in smaller devices, such as 
calculators and notebook computers. 

Even so, an increasing number of LCD mon¬ 
itors for the desktop computer are available 


today. If you're considering an LCD monitor, 
please see "Make The Switch To LCD 
Monitors" on page 46. And if CRT is your cho¬ 
sen path, please read on. 

■ Seeing Dots & Stripes. OK, let's look at 
the various features of a CRT monitor. 

Dot pitch, the distance between pixels on 
your monitor, is one of the most important 
aspects of purchasing a monitor because it 
has a great influence on how clear the pic¬ 
ture is. Manufacturers of monitors with 
aperture grille screens (more about these 
monitors in a moment) also refer to this 
term as stripe pitch, which is the distance 
between vertical color stripes. 

You can think of pixels as the smallest 
pieces of an image that a computer can control; 
each one is made up of blue, red, and green 
dots. A computer monitor is composed of 
thousands of these pixels, and the closer they 
are together (in other words, the lower the dot 
pitch measurement), the sharper the image 
will be on-screen. With stripe pitch, the smaller 
the measurement is between stripes, the sharp¬ 
er the image will be. 

Dot pitch is measured in millimeters, and 
computer monitors usually have dot pitches of 
between .22mm (millimeters) and .31mm. For 
best viewing, you'll probably want .28 or 
better. (Compare this to a typical television set, 
which has a dot pitch of about .51mm.) 

In many monitors, the dot pitch is mea¬ 
sured as the distance between the holes in the 
shadow mask. The shadow mask is a tech¬ 
nique used by most CRT monitors to "fire" 
electron beams through a thin sheet with tiny 
holes in it. For instance, the Hitachi line 
of CRT monitors (http://www.hitachi 
displays.com) employ what is called the 
Invar Shadow Mask Technology. Other mon¬ 
itors, specifically those based on technology 
developed by Sony, called Trinitron, have an 
aperture grille instead. This aperture grille 
consists of several thin vertical wires rather 
than a sheet, and it uses one or two horizon¬ 
tal wires to support the vertical wires. In 
these types of monitors, stripe pitch is mea¬ 
sured by the horizontal distance between 
thin vertical wires. 

Whether you choose a monitor with shad¬ 
ow mask or aperture grille is often a matter of 
personal preference. Hitachi, for example, 
claims the Invar Shadow Mask is preferable 
because it creates a crisper image, and 
Trinitron monitors can have faint shadows 
cast by the horizontal wires. But we've found 
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that changing background colors can make 
this shadow disappear or become less visible. 
Plus, because there is no metal mask to 
impede light, the aperture grille technology 
can lead to brighter images and richer colors. 

Another factor in creating a clear picture is 
the resolution, which is directly related to 
dot pitch. Resolution refers to the number of 
pixels a device can display; you can also 
think of it as the density of an image. (You 
may be familiar with this term as it relates to 
printers. Printers measure resolution as dpi, 
or dots per inch, that can be printed on a 
piece of paper.) 

There's also something known as a maxi¬ 
mum resolution, which is typically measured 
by the number of pixels in the rows and 
columns. Dot pitch is just one of the factors 
that affects the maximum resolution your 
monitor is able to display. 

Make sure the settings in your Control 
Panel are configured to give you the best 
possible image. This will often depend on 
screen size. For example, 17-inch monitor 
users will likely have an ideal resolution of 
1,024 x 768 pixels. 

Refresh rate is another feature to consider. 
Refresh rate refers to how often the monitor 
renews a screen's content, and it is measured 
in Hz (hertz). A refresh rate of 72Hz means 
the monitor is cycling through all the pixels 
on a screen 72 times each second. The higher 
the refresh rate, the better. A low refresh rate 
leads to screen flicker, and this can cause 
heavy strain on the eyes. The VESA (Video 
Electronics Standards Association) has set a 


standard of 75Hz, and most 
monitors sold these days 
support rates at least that 
high, with some that are as 
much as lOOHz or higher. 

Like resolution, refresh 
rates can sometimes be 
adjusted from the Display 
Properties dialog box in the 
Control Panel. This is con¬ 
trolled by the video card (also 
called the video adapter), but 
not all video cards will let 
you alter the refresh rates. 

Before investing in a new monitor, check 
with the monitor manufacturer to make sure 
your computer's video card will work with 
your monitor. 

Another important measurement you'll 
want to consider is screen size. Now, when 
you first hear the term, you probably think 
that it's the size of the computer screen, right? 
Well, not exactly. Saeen size usually refers to 
the size of the monitor face, as measured from 
corner to corner—diagonally—including the 
beveled edges. The important measurement is 
really the viewable screen size or image area, 
so be sure to check that out. 

Most monitors come in standard sizes of 15, 
17,19, or 21 inches. Depending on what you 
will use the monitor for, 17 or 19 inches will 
suit most computer users best. If you're pri¬ 
marily using the computer to check e-mail, for 
example, you can get away with a smaller 
monitor, whereas if you use it for heavy graph¬ 
ics viewing, you might want to invest in the 


larger monitor. Most monitors also have what 
is called an aspect ratio, the ratio of width to 
height of a computer saeen or image area, of 
4:3. Some are introducing a 16:9 aspect ratio, 
especially now that DVD players are becoming 
more common in computer systems. 

Another aspect of size is the physical dimen¬ 
sions of your monitor. Because this article 
focuses on desktop monitors, and you proba¬ 
bly won't be lugging your monitor around 
very much, the weight and physical dimen¬ 
sions aren't as critical in choosing a monitor as 
other factors are. Still, be sure to find out how 
much the monitor weighs. 

■ Think Flat. Although flat-panel LCD 
monitors are all the rage these days, "flat" 
can also refer to the screen itself, not just the 
whole monitor, and it is another aspect you 
should take into account when considering a 
new CRT monitor. 

When personal computer monitors were 
first introduced, the screens tended to curve 
around the edges, resulting in text and 
images that were slightly distorted the closer 
to the edge of the viewable area you got. But 
recently, manufacturers have moved toward 
eliminating this curvature. 

Each manufacturer has come up with its own 
term to describe this flatness, such as 
NEC/Mitsubishi's "flat square" or "Natural 
Flat" screens. And, each manufacturer claims 
that its monitor is the flattest, with some altering 
other components to make the saeen appear as 
flat and as glare-free as possible. For example, 
Hitachi says it overcomes common problems 
with flat-faced monitors, such as low brightness 
and poor edge performance, by using a "special 
glass with a 44% transmission rate." 

Still, the human eye can only distinguish 
so much, and some of the differences 
between monitors may not be visible to you. 
In order to choose the best option, we highly 


Check Out Our Top Picks: 

Shopping For CRT Monitors 


Less 

Than 


$300 To 
$600 


$600 To 
$ 1,000 


Hitachi CM61517-inch; 
$179; http://www 
.hitachidisplays.com 

Sony CPD-G420S 19-inch; 
$529; http://www.sony 
.com/displays 

Cornerstone p165021- 
inch; $825; http://www 
.monitorsdirect.com 


Acer G773 17-inch; $219; 
http://www.acercm.com 


NEC Multisync FP95519- 
inch; $499; 

http://www.nectech.com 

Samsung SyncMaster 
1200NF21-inch;$754; 
http://www.samsungusa.com 


Compaq S72017- 
inch; $229; http:// 
www.compaq.com 

ViewSonic PF790 19- 
inch; $349; http:// 
www.viewsonic.com 

Cornerstone pi 500 
21-inch; $725; 
http://www.monitors 
direct.com 


The screen sizes indicated above are diagonal measurements of the CRT (cathode-ray tube) monitor; 
the viewable screen size Is slightly smaller. 


44 PC Upgrades / Learning Series 

















recommend you visit retailers and compare 
the differences first-hand. 

Another feature to consider, especially in 
a tightening economy and increasingly envi¬ 
ronmentally conscious world, is power con¬ 
sumption. In 1992, the U.S. Environmental 
Protection Agency introduced a voluntary 
program called Etiergy Star, which was 
designed to identify and promote energy- 
efficient products in order to reduce carbon 
dioxide emissions. It has expanded into a 
wide range of product categories, including 
computer monitors. 

. Many new monitors sold these days are 

I Energy Star-compliant. This means that the 
monitor must be able to power down to less 
than 15 watts when it goes into a sleep mode 
and less than eight watts when it drops to a 
"deep" sleep mode after extended periods of 
inactivity. Not only will this save you a few 
bucks on your electricity bill, but you'll also be 
reducing energy waste. 

It's easy to tell whether a monitor is compli¬ 
ant, thanks to the prominent Energy Star label 
most manufacturers tack on. You can also see a 
list of products at Energy Star's Web site 
(http://yosemitel.epa.gov/estar/consumers 
.nsf/content/monitor.htm). 

And, of course, there's price to consider. CRT 
monitors run the gamut, from less than $200 and 
up into the four-figure range, so as with other 
hardware upgrades, you'll need to take your 
budget into consideration. For example, the 
Cornerstone pl450 (http://www.bigmonitors 
.com) sells for about $400, the IBM E74 (http:// 
www.pc.ibm.com/us/accessories/monitors) 
runs for less than $200, and the NEC MultiSync 


FP1375X (http://www.necmitsubishi.com 
/products) can cost you up to $1,050. 

We agree that's a lotof information to consid¬ 
er. Your best bet is to sit down and evaluate 
what you use a computer for. Are you a home 
user who primarily will be checking e-mail and 
typing up basic word processing docrunents for 
short periods of time? If so, a lower-cost, smaller 
screen size, higher dot pitch monitor may be just 
the ticket. Do you work for a medium-sized 
business and spend your whole day gazing at a 
computer saeen? If so, you'll probably want a 
machine that gives a higher quality picture. 

■ Other Considerations. So far, we've sim¬ 
ply looked at various monitor features and 
haven't talked much about compatibility. But 
it's important to keep in mind that your moni¬ 
tor doesn't work in a vacuum; it needs to be 
compatible with the rest of your system. For 
instance, let's assume your old monitor 
worked fine with your previous computer, but 
when you upgraded the computer, you found 
that the vidw card inside (the device that pow¬ 
ers the monitor) was simply too powerful for 
your old monitor. 

This can happen because the newer video 
cards have high refresh rates and resolutions, 
and sometimes even newer monitors cannot run 
them. So, before you run out and plunk down 
your cash for a monitor (or even before you 
upgrade the rest of your hardware, if you plan 
to keep the old monitor), make sure you Imow 
the requiremerits of the rest of your hardware. 

Also, unless you have a system administra¬ 
tor who will install and configure your 
machine for you, you'll want to take a look at 



Die multiple connection options and resolution 
potential offered by NEC’s MultiSync FP955 monitor 
nudce It a professional-grade monitor. Its fantastic 
display quality makes It an even better deal at $499. 


how easy the monitor is to install. In general, 
monitors are fairly easy to get up and running, 
especially if you have a USB (Universal Serial 
Bus) connection. Just plug the USB cord into 
the USB hub on your computer. Plus, USB 
monitors with additional USB ports will let 
you plug in other devices into your computer 
through your monitor. 

■ It’s Decision Time. Finally, before you 
hand over your hard-earned cash to buy a new 
monitor, you may be able to improve your pic¬ 
ture quality simply by tweaking your current 
monitor's settings. 

Over time, your monitor can develop simple, 
easy-to-fix problems, and one common problem 
is tt\at exposure to magnetic fields may caflse 
static electricity build-up. That's where degauss¬ 
ing your machine comes in. Many monitors 
have a Degauss button or setting that will 
demagnetize the CRT when images become 
distorted. Check your manual for instructions. 

Or, you can help eliminate the problem in the 
first place. Nearby electrical appliances, fluores¬ 
cent lights, and unshielded computer speakers 
(pay close attention to a subwoofer, if you have 
one) may lead to images on-screen that may 
appear to jump or waver. Move the monitor or 
the appliances to see if the problem goes away. 

And remember all those features you should 
consider when buying a monitor, such as refresh 
rate and resolution? Sometimes it's simply that 
the monitor's display is set to less than its 
optimal settings. Look at the owners manual for 
instructions on how to speed up the refresh rate, 
adjust the brightness of your screen using a 
monitor's built-in controls, and more. [U 

by Heidi V. Anderson 
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Make The Switch 
To LCD Monitors 

Which Users Will Benefit Most 
From Taking The Plunge? 



T hey're sleek. They're smooth. They're 
lustrous. LCD (liquid-crystal display) 
monitors are the cream of the crop, the 
status symbol of the desktop that can make 
spending the day in front of the computer as 
enjoyable as riding in a luxury automobile. 

And better yet: they're now (mostly) afford¬ 
able. LCD monitors have dropped dramatical¬ 
ly in price over the past year; so much that 
what had been restricted in the past to primari¬ 
ly wealthy businesses and the iiigh-rise offices 
of dot-com executives is now found in homes, 
home offices, and small organizations. If 
you're in the market for a new monitor, a 
desktop LCD may be in your future. 

But how can you decide what's right for 
you? It isn't as easy as simply writing the 
names of different models on a piece of paper 
and picking one out of a hat. You need to con¬ 
sider larger issues, such as whether you want 


to go with the LCD or the CRT (cathode-ray 
tube) model. And you need to consider the 
small features, such as how easy it is to manip¬ 
ulate the controls. Plus, you need to look at 
everything in between. 

That's why we're here. Before you upgrade 
your computer monitor, we invite you to 
read along with us as we discuss how to 
evaluate a new monitor and find the one 
that's perfect for you. We'll also show you 
how to get it up and running. 

■ CRT Or LCD? The first item to consider is 
whether you should invest in an LCD or a CRT 
model. Desktop monitors today fall into two 
main categories, and because they are based 
on completely different technologies, they 
serve up entirely different viewing experi¬ 
ences. If you already have your heart set on a 
CRT monitor, or if you're working on a tight 


budget,-you'll find a complete shopping guide 
for one at "Get The Picture?" on page 43.' 

You're probably quite familiar with CRT 
monitors. They're the large, heavy, box-like 
peripherals with curved, glass screens that 
have been the staple of desktop systems for 
years. They work in one of two ways, both of 
which make use of an electron beam that 
moves across the back of the screen and lights 
up phosphor dots inside a glass tube. Some 
monitors shoot electron beams through a thin 
sheet with tiny holes in it, while others rely on 
a number of vertical and horizontal wires. 

LCD monitors, on the other hand, don't 
have a picture tube. Instead, they use a liq¬ 
uid-crystal material, which has properties of 
both solid and liquid materials, and is sand¬ 
wiched between a couple of glass plates. 
Special molecules within this screen are able 
to bend and twist light, and how the light is 
twisted will determine the colors your eyes 
perceive. (Although monochrome LCD moni¬ 
tors do exist, they are relatively rare, and 
therefore, we will concentrate on color moni¬ 
tors in this article.) The LCD monitor itself is 
flat and lightweight, and the screen is slightly 
flexible to the touch. 

Within the larger category of LCD monitors, 
you'll find several subcategories. A passive- 
matrix display has a series of criss-crossed 
wires with an LCD element at each intersec¬ 
tion. Each of those LCD elements amounts to a 
single pixel (tiny picture element) that can 
either allow light to pass or not. In active- 
matrix displays, each pixel is controlled and 
adjusted by its own transistor, so the picture is 
much clearer and crisper than that produced 
by a passive-matrix screen. 

You may also have heard the active-matrix 
monitor referred to as a TFT (thin film transis¬ 
tor) display. The active matrix, or TFT display, 
responds more quickly to change than passive- 
matrix. For instance, when you drag the 
pointer across a passive-matrix screen, you are 
likely to see a faint trail; the TFT leaves no 
such mark. And on the horizon is organic TFT, 
which uses organic semi-conducting com¬ 
pounds and provides an even sharper, more 
vivid picture. 

Passive-matrix displays are becoming less 
common, as are the dual-scan displays, a type 
of passive-matrix display that lets a screen 
refresh twice as often as the regular passive- 
matrix display. Although a few passive-matrix 
notebook computers are still on the market, for 
the most part, you'll be considering upgrading 
to an active-matrix monitor. 
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monitors that are capable of presenting a sharper picture 
than analog LCD monitors can. 


So, now that you understand how the tech¬ 
nology behind a TFT active-matrix LCD moni¬ 
tor compares to that of a CRT monitor, you're 
probably asking yourself: What does this mean 
to me when I actually sit down to use it? In 
general, the picture you'll get on an LCD 
screen is superior to that of a CRT. There's typ¬ 
ically less flicker, leading to less eyestrain oyer 
the long term. There's typically less energy 
use, which can lead to cost-savings on your 
utility bill. And, be sure to check with your 
power company to see if it offers rebates for 
this type of thing. 

. Also, monitor manufacturers claim that 

I LCD monitors tend to last longer than CRT 
monitors. For instance, Samsung Electronics 
says flat panel monitors offer a 40% longer life 
span than traditional CRTs. And if your desk 
is already crowded with telephones, printers, 
fax machines, and other devices, the flat-screen 
monitor can help reclaim some of that space. 
(To say nothing of stroking your ego by help¬ 
ing to create that chic, 21st century look.) 

■ Cost. OK, you want to upgrade to an 
LCD. But can you afford it? Now, more than 
ever, LCDs are in the price range for the 
average computer user. Computer retailers 
note huge price drops practically overnight; a 
CompUSA employee told us he saw one 
model drop $300 in 24 hours. In this maga¬ 
zine about a year and a half ago, we were 
reporting that you could expect to pay more 
than $1,000 for a standard LCD. But now, 
walk into any computer retailer and you'll 


17-inch versions are offered for 
less than $1,000. 

This anecdotal evidence is 
backed up by surveys from 
DisplaySearch (http://www 
.displaysearch.com), a market 
research firm that claims to be 
the worldwide leader in flat- 
panel display market research 
and considting. For example, its 
Aug. 22, 2001, report showed 
that the weighted average price 
for 10-inch and larger LCDs fell 
28.4% over the second quarter of 
2001, and the third quarter was expecting to 
see another 13% drop. 

Not surprisingly, this has been accompanied 
by a recent rise in shipments; worldwide LCD 
monitor shipments rose 23% and LCD monitor 
penetration of the global desktop market 
reached’ a record high 12.4%. And next year, 
DisplaySearch is predicting that LCD monitor 
shipments will rise 61%, thanks to continued 
price reduchons in TFT LCDs that are larger 
than 15 inches. 

But if you want to get an LCD, it's best not 
to wait too long, at least as far as price is con¬ 
cerned. Another prediction of DisplaySearch 
is that as equipment spending rises and sup¬ 
ply tightens toward the end of 2002 and 
beginning of 2003, we can expect to see mild 
price increases. 

■ Evaluating Features. Once you've decid¬ 
ed to upgrade to a TFT LCD, it's time to com¬ 
parison shop. Before you head out to test drive 


a few models at the local computer retailer, 
take a moment to arm yourself with some facts 
about LCD monitors and know what features 
you should be considering. 

One of the most important is screen size. 
Unlike CRT monitors, most LCDs come in two 
sizes: 15-inch and 17-inch (although you 
certainly can find both larger and smaller 
models). Also unlike CRTs, the screen size 
dimension often equates to viewable image 
area. If you've ever shopped for a CRT, you 
know that manufacturers usually include the 
plastic casing when measuring screen size, so 
the important measurement is viewable area. 

With LCDs, however, screen size often is the 
same as the viewing area. A 12.1-inch LCD dis¬ 
play, for example, may have a viewable image 
area that is almost comparable to a 14-inch 
CRT. Still, be sure when you're comparing 
screen size that you compare apples to apples. 
Note the LCD's viewable image area and 
check whether it differs from screen size. 

Another important considerahon is resolu¬ 
tion. CRT monitors usually are able to run 
multiple resolutions, or the amount of defini¬ 
tion and clarity in an image on a monitor. 
Resolution is measured by the number of 
pixels a device can display. For instance, a 
resolution of 800 x 600 pbcels is less sharp than 
a resolution of 1,024 x 768. 

Although CRT monitors give you options, 
LCD monitors usually don't. Because of the 
underlying technology, resolution is typically 
tied to SCTeen size. The smaller the saeen, the 
lower the resolution. For instance, 15-inch 
moiutors generally have native resolutions of 
1,024 X 768 (called the XGA resolution, for 
Extended Graphics Array), and 17-inch screens 
have resolutions of 1,280 x 1,024 (Super 
Extended Graphics Array, or SXGA). While 
some LCDs let you adjust resolution, this often 
leads to fuzzy or distorted graphics. Your best 
bet is to consider what resolution you'll most 


see 15-inch LCDs for less than $400; some 


Check Out Our Top Picks: 

Shopping For LCD Monitors 


Less MBMT540 15-inch; $499; 
Than I http://www.ibm.com 
$500 I 

$500 To I ViewSonic VE170m 
$1,000 I 17-inch; $799; 

: http://www.viewsonic.com 

$1,000 I Sony SDM-N80 18.1-inch; 
To j $1,699; http://www.sony 
$1,700 I .com/dispiays 


Samsung SyncMaster 570v 
TF 15-inch; $369; 
http://www.samsungusa.com 

EiZO FlexScan L461 
16-inch; $795; 
http://www.eizo.com 

SonySDM-M81 18.1-inch; 
$1,299; http://www.sony 
.com/dispiays 


Envision EN-5100e 
15-inch; $349; 
http://www.epius.com 

Phiiips Briiiiance 
150P2E 15-inch; $549; 
http://www.pcstuff 
.phiiips.com 
NECMuitiSync 
LCD1700M 17-inch; 
$899; http://www 
.nectech.com 


Notes: 

The EIZO FlexScan L461, Sony SDM-M81, and Sony SDM-N80 all accept dual analog and digital input. The 
other LCD monitors iisted above accept analog-oniy input. 
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often be working in and shop for a screen size 
that matches that native resolution. 

Color and color accuracy are other impor¬ 
tant factors when comparing LCDs. When 
LCD monitors were first introduced, some 
were only capable of displaying hundreds or 
thousands of colors. Newer models have 
unlimited color capabilities, so check on the 
number of colors a specific model is capable of. 

As for accuracy, black and white can some¬ 
times be simply darker and lighter shades of 
gray. For an LCD cell to be truly black, it 
requires that all light be blocked at the second 
polarizer (the second plate through which the 
molecule is twisted), but this is not easy to do. 
When evaluating saeens, bring a sheet of white 
paper with you and hold it up to the prospec¬ 
tive LCD displaying a white screen. Many 
cheaper models offer only a murky, off-white 
color, instead of a true white, even when you 
adjust the brightness and contrast settings. 

For the most part, brightness, which is not 
much of a concern with CRTs, must be con¬ 
sidered with LCDs. The backlighting can lead 
to different levels of brightness. This rating is 
commonly referred to as nits. The higher the 
nits are, the brighter the picture is. TFT LCDs 
commonly have outputs of between 200 and 
300 nits. (And if you really want to impress 
guests at your next cocktail party, you can 
mention that a nit is equivalent to one can¬ 
dela per square meter, where candela stands 
for the amount of light emitted by a common 
tallow candle.) 


Is desk space at a premium? Consider upgrading to an LCD (liquid-crystal display) monitor, which 
consumes much less room than a CRT (cathode-ray tube) monitor. 


convert digital data into an analog signal, so 
that the digital information from the computer 
translates into a format that you can view on 
your monitor. 

If you're thinking this seems like an extra 
step that may lead to things such as imperfect 
color alignment, you're right. Increasingly, 
manufacturers are offering digital LCD moni¬ 
tors that can display these digital signals with¬ 
out translating them. For instance, EIZO 
(http://www.eizo.com) ciurently sells a half- 
dozen digital LCD monitors and only half as 
many analog models. This trend has been 
helped along by the industry adopting the DVI 
(digital video interactive) standard in 1999. 

In reality, though, there are a couple reasons 
why you might want to stick to analog. One, 
many analog models give comparable perfor¬ 
mance to digital counterparts, and the possible 
price increase for a digital model may not be 
worth it. And two, your computer may not be 
equipped to handle a digital monitor. Digital 
video cards are less common than DACs. But if 
you have a DAC and you think you might 
upgrade to a digital monitor in the future, con¬ 
sider either investing in a digital video card or 
purchasing a hybrid analog/digital LCD. 

■ Other Features To Consider. There are a 
number of other features to consider when 
upgrading your monitor. The static picture 
isn't the only concern; pixel-response time also 
can affect how well you view a display. Fast 


At $499, IBM’s T54015-inch LCD (liquid-crystal 
display) monitor gives you your money’s worth 
and easily ranks among the best in its class. 


Another feature to take into account is 
viewing angle. CRTs can be looked at from- 
extremely wide viewing angles: from the 
sides, top, and bottom. But because of the 
way the light transmits through an LCD, it 
often needs to be viewed head-on, or as close 
to the front and center of the screen as possi¬ 
ble. Manufacturer specifications include the 
degree to which you can move from the exact 
center of the screen. For example, a 120- 
degree viewing angle means you can step 60 
degrees to the side and still see the display. 
Higher-end models are moving toward a 
160-degree viewing angle or greater. 
While this works well for the single user, 
it can make things difficult when pre¬ 
senting information to groups. 


■ Analog vs. Digital. First came the 
television, with its use of analog tech¬ 
nology and unlimited variables to mea¬ 
sure or represent the flow of data; then 
came CRT monitors, which were built 
upon this technology. Because com¬ 
puters transmit data in the digital for¬ 
mat (using fixed binary digits 0 and 1 
to represent all data), monitors 
evolved with built-in DACs (digital- 
to-analog converters). These devices 











pixel response will make for better real-time 
video and animation. LCD monitors are dra¬ 
matically smaller than CRTs, but you'll stiH see 
variations in size, so be sure to consider weight 
and other dimensions, too. And, even though 
LCD monitors are much more energy-efficient 
than their CRT counterparts, you'll see varia¬ 
tions in that aspect, as well. 

And, ask yourself: "Does the manufacturer 
offer reasonable policies on service and 
support?" When a transistor breaks, this often 
results in displaying a pbcel that is stuck in one 
color (usually black or white). Although you 
may define a screen with one broken pixel as 
defective, the manufacturer may not. Along 
with knowing the exchange policy, try to look 
at the specific unit you wish to buy, if possible, 
before you make the purchase. 

Also, consider any built-in devices. Some 
monitors include integrated speakers and 
microphones; if you already have those with 
your system, you may find yourself paying 
extra for functionality you don't want or need. 
And, make sure these controls are easy to use. 

Fmally, keep in mind that upgrading a com¬ 
puter monitor is like buying a car. It may not 
matter what the so-called experts have to say; 
sometimes the only way to know if a car is 
right for you is to take it for a spin. Do your 
research (you're off to a great start by reading 
this article), decide which monitors deserve a 
close look, and then head to your trusted local 
retailer to test-drive the different models. 

■ The Upgrade Process. Upgrading to an 
LCD monitor is a fairly painless process—as 
long as you know that the capabilities of the 
monitor and your graphics card match. Before 
you purchase a monitor, make sure you have 
the proper video card. If you have any ques¬ 
tions, refer to your computer's documentation 


V 

to find out the specific make and model of 
your card. If the monitor does not support the 
graphics card's highest resolution and refresh 
rate settings, or vice versa, you will not get the 
best display performance from your monitor. 
(And in a worst case scenario, you may not get 
any performance at all.) As we mentioned ear¬ 
lier, the card must match the analog or digital 
capabilities of the monitor. 

Then, visit the manufacturer's Web site to 
make sure that you have the proper video card 
driver. If not, you will probably be able to 
download it. 

If you do need to install a new driver, you're 
in luck. Windows makes this process very 
easy. Just go to into your Control Panel (via 


The17-liichVE170m, 
$799, from ViewSonic has 
the best imaging capahil- 
lUes we've seen In an LCD 
(liquid-crystal display) 
monitor of this size. 


Start, Settings) and dou¬ 
ble-click the System 
icon. Make sure the De¬ 
vice Manager tab is on 
top, and then click the 
plus sign (+) next to 
Display Adapters. High¬ 
light the installed video 
card, and choose Prop¬ 
erties from the pop-up 
menu. Click the Driver 
tab, and then click Up¬ 
date Driver. Follow the rest 
of the on-screen instructions to 
finish the process. 

Once you have the prop¬ 
er video card setup, you're 
ready to install the monitor. This, too, 
is relatively painless; installing an LCD moni¬ 
tor is typically no more complicated than 
installing a CRT. Shut down the computer and 
unplug the current monitor. 

Then, set the monitor on your desktop and 
plug in all the cords and cables. Your moni¬ 
tor should come with diagrams and or writ¬ 
ten/instructions that show you where any 
cords and cables connect, including the 
power cord and the cable that plugs into the 
computer. Remember: with LCD monitors, 
it's vital to make sure you have the right con¬ 
nectors. For instance, if you have a digital 
flat-panel interface, you'll need to have a DVI 
connector that will accept the DVI signal 
from your computer. When you purchase 
your monitor, ask the salesperson if you have 
the proper cables. 

Next, turn on the monitor and the computer. 
Chances are good that Windows will automat¬ 
ically recognize the monitor and set it up for 
you. If it does not, you must install the soft¬ 
ware that was included with the monitor. Just 
insert the CD-ROM (or diskette) that came 
with the monitor and follow the prompts of 
the Installation Wizard. 

Finally, you may need to reboot your com¬ 
puter for settings to take effect. If so, go right 
ahead because when your computer starts up, 
you could be seeing a whole pew world, [u] 

by Heidi V. Anderson 



When buying an LCD (liquid-crystal display) monitor, be sure to compare viewing angle specifications. 
LCD monitors typically have lower specs than CRT (cathode-ray tube) monitors do. 
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I f you're looking to purchase a new sound 
card or upgrade an existing one, you can 
rest assured that after doing so your sound 
card upgrade should keep for years to come. 
Unlike video cards, CPUs, and most other 
PC components, sound cards and speaker 
technology doesn't tend to be reinvented every 
six months. As long as what you buy has the 
features you want, it should be good for sever¬ 
al years, if not the entire life of the PC in which 
you install it. 

With that in mind, it is best to buy as much 
as you can afford, but don't worry—a top-notch 
sound card can easily be had for less than $100, 
unless you plan on purchasing a card targeted 
at musicians or professional users. The biggest 
expense of audio upgrades will usually be a 
good set of speakers to go with your new sound 
card. After all, Bach's Tocatta and Fugue in 


D Minor in all its digitally reproduced, CD-quali- 
ty glory will sound lackluster at best when 
played through tiny, ka 2 O 0 -quality, $10 speakers. 

Basically, the role of a sound card is to take 
analog audio signals and convert them to a 
digital format that PCs can understand. They 
use two specialized chips, a DAC (digital to 
analog converter) and an ADC (analog to digi¬ 
tal converter), to convert sounds from 
analog to digital (when recording sound and 
saving it as a sound file on the hard drive) and 
digital to analog (when playing sound stored 
on the computer through your speakers). (If 
you'd like additional information on how a 
sound card actually works, we recommend 
visiting http://www.pctechguide.com.) 

■ Why Should I Upgrade? At the most basic 
level, most sound cards currently produced 


(even the least expensive ones), provide superior 
digital audio reproduction compared to their 
older siblings and most low-cost integrated solu¬ 
tions. Additionally, most support 4.1 (2 front/2 
rear speakers wdth a subwoofer) or 5.1 siuround 
sound audio (2 front/3 rear speakers and a 
subwoofer), whereas older sound cards typically 
support only 2.1 stereo audio. 

The most advanced cards may also 
include "breakout boxes," which host 
additional inputs and outputs to 
accommodate a wide range of 
audio equipment. Paired with 
sophisticated audio recording 
and editing software, such cards can 
turn a PC into an advanced home 
recording studio. 

Some sound cards also act 
as "audio accelerators," mean¬ 
ing they help offload the work of 
decoding and encoding sound files 
(such as MP3 files) from the CPU. (In the 
age of the gigahertz-plus CPU, however, this is 
really a minor feature and not one to be overly 
concerned with when shopping.) 

Computer gaming is probably one of the 
biggest motivators in deciding to upgrade. 
That aging Sound Blaster 16 might handle 
stereo, but forget 4.1 or 5.1 CD-quality posi¬ 
tional audio or enhanced sound effects. If you 
watch DVDs on your computer, you may want 
to upgrade, as well. After all, what fun is 
watdiing "The Matrbc" without room-shaking 
bass and surround sound? 

While simply playing digital sounds (not to 
mention primitive synthesized music) was an 
improvement 10 years ago, most of us, at least 
gamers, home-theatre-oriented enthusiasts, 
and discriminating music aficionados, want 
more. We want wall-shaking, floor-thumping 
3-D audio that puts us in the center of the 
sound. Stereo? Forget it. We demand 3-D high- 
resolution Digital Audio Goodness. 


■ 3-D Audio Basics. 3-D audio effects are 
created through a combination of hardware (the 
sound card's processor) and software used to 
manipulate sound, giving it more depth. Older 
sound cards were little more than sound repro¬ 
ducers. Modern sound cards, however, are 
equipped with powerful processors, making 
them more powerful and versatile. 

One of the most popular 3-D audio technolo¬ 
gies was created by Creative Labs (http:// 
www.creaf.com) and is called FAX. EAX is an 
API, or application program interface. An API is 
a special set of instructions generally used to 


A Sound 

Upgrading Your 
Sound Card 


Idea 
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For the gamer, 3-D suiTound/positional audio 

makes games more realistic 

and sound more integral to the game. 


"talk to" or program special features for a 
specific piece of hardware or software. For 
example, Microsoft's DirectSound is an API. 
While FAX is an API specific to Creative 
Labs cards, support for FAX is widespread 
because Creative Labs is pretty much the 
"Microsoft" (sizewise) of sound card manu¬ 
facturers. The latest iteration of the FAX API 
is called FAX Advanced HD, and it powers 
the new Audigy line of sound cards from 
Creative Labs. FAX Advanced HD is capable 
of four times the effects processing power of 
the original FAX specification. 

Aureal, a former competitor to Creative 
Labs, had a competing 3-D Audio API called 
A3D. Most sound cards, even those not 
produced by Creative Labs, support FAX, 
as well as A3D. However, FAX compatibility 
is the more important of the two, so look 
for this feature when shopping for an 
upgrade. 

What FAX and FAX Advanced HD do, 
essentially, is add depth and surround-sound 
to your audio. The processor on the sound 
card interprets sounds and plays them back 
according to positional information encoded 
in the sound signal. Additionally, it can also 
apply special effects to the sound in real-time 
(tWs is called "real-time" effects processing), 
just as some home theatre receivers can. You 
could, for example, play an MP3 song file 
and apply different sound qualities to it, such 
as "live" to simulate a live performance, 
"hall" to simulate an indoor performance, or 
"Chipmunks" to simulate a performance by 


the Chipmunks. (OK, this last option is not 
commonly available, but it should be.) 

For the gamer, 3-D surround/positional 
audio makes games more realistic and sound 
more integral to the game. In 3-D shooters, for 
example, enemies sound as though they're 
right behind you, immediately to the left, or 
maybe 50 yards away to your right. In games 
like Fidos' Thief II, listening to the footfalls of 
your enemies and discerning their locations is 
vital to maintaining a stealthy profile and 
evading enemies. 

If the idea of 3-D audio and all this hoo-ha 
over PC sound doesn't grab you, you probably 
don't need to upgrade. Go back to your tinny 
$10 kazoo-quality speakers and whiny Sound 
Blaster 16. You may be better off never know¬ 
ing what high quality audio is like, because 
once you do, you'll ask yourself how you ever 
lived without it. 

■ How To Upgrade. Before upgrading a 
system with a new sound card, you need to 
determine what form factor (i.e. the type of 
expansion slot) of sound card your system can 
accommodate. The two primary expansion 
slots found on a typical PC motherboard (also 
called a mainboard) available to sound cards 


are PCI (Peripheral Component Interconnect) 
and the older ISA (Industry Standard 
Architecture) expansion slot. 

Virtually every Pentium-class or higher PC 
(and even some late-model 486 systems) has 
one or more PCI expansion slots. ISA expan¬ 
sion slots are seldom used any more, though 
many systems still have one or two ISA slots. 
ISA sound cards are harder to find than PCI 
sound cards, and the ISA bus (the circuitry 
connecting the ISA expansion slots to the 
computer's memory and CPU) is very slow. 
Conversely, PCI cards ride a faster "bus" 
than ISA. This speed advantage lets them 
handle simultaneous higher-quality sounds 
better than older ISA cards. Most (if not all) 
sound cards currently in production by major 
manufacturers are PCI sound cards. If your 
system is so old as to lack a PCI expansion 
slot, forget upgrading your sound card. Just 
upgrade to an entirely new PC with a good 
sound card. If you don't think upgrading 
your sound system is justification enough to 
upgrade a computer from the Mesozoic Age 
of computers, trust us; you'll enter a whole 
new world of computing when you step from 
that Model-T PC to a gigahertz-plus Porsche. 

■ To Remove An Existing Sound Card. 

If your computer currently has a sound card, 
the first thing you'll need to do is open your 
computer and remove it. Turn off your com¬ 
puter and unplug it. Opening a computer 
case isn't difficult, but every case is different, 
so we can't offer specific instructions on how 
to open one. Check your system's documen¬ 
tation if you're unsure. Most computer cases 
can be opened with a Phillips-head screw¬ 
driver, and many can be opened by simply 
removing a thumbscrew or two. If you're 
uncertain as to how to open your computer's 
case, don't hesitate to contact the manufac¬ 
turer's support department for specific 
instructions. 

Once inside the case, you'll need to identify 
your sound card. Trace the speaker cable to the 
point at which it connects on your PC and it 
should be clear. (Alternately, just look at the 
back of your computer. The sound card is the 
only card that will have speaker-sized inputs 


Check Out Our Top Picks: 

Shopping For Sound Cards 


Less ‘ Creative Labs Sound 
Than $50 Blaster PCI 512; $49.99; 
: http://www.americas 
I .creative.com 


$50 To 
$100 


SIIG Soundwave Elite 
2000 PCI; $45; 
http://www.siig.com 


Creative Labs Sound 
Blaster Live! 5.1; $69.99; 


j Voyetra Turtle Beach 
I Montego II Quadzilla; 
I $49.95; http://www 
I .voyetra.com 

I 

Hercules Gamesurround | Voyetra Turtle Beach 
. Fortissimo II; $59.99; i Santa Cruz; $79.95; 


http://www.creativelabs.com, http://www.hercules.com 


http://www.voyetra.com 


$100 To I Creative Labs Audigy 
$350 I Platinum: $199; 

i http://www.americas 
- .creative.com 


Hercules Game Theater j Yamaha RP-U100 

: XP; $149.99; j External Soundboard; 

http://www.hercules.com i $349; http://www 

i ! .yamaha.com 


Hercules Game Theater XP includes an external rack with several USB ports and audio inputs. 
Creative Labs Audigy Platinum Includes the Audigy drive with audio inputs and IEEE 1394 ports. 
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and outputs.) Once identified, all you need to 
do is remove the screw securing the sound card 
in the case, and carefully remove it from the 
motherboard. Grasp each side of the sound card 
with both hands and gently but firmly pull it 
from the slot. If the card sticks or is difficult to 
remove, try jiggling it forward and backward 
very gently as you pull. Be careful not to bang 
any other components, and be careful of your 
hands; the insides of PCs are notoriously sharp 
and pointy. 

Some computers have sound card circuitry 
built into the motherboard. If your speakers 
connect to an output mounted on the mother¬ 
board and not an expansion card, your system 
uses integrated audio. 

Upgrading a system with integrated audio 
is easy. First, don't pry The audio connectors 
off the motherboard with a screwdriver. 
That's bad. (Real bad.) You'll need to disable 
the onboard audio either before or after 
installing a new sound card to avoid any 
potential hardware/software conflicts 
between the two devices. This can usuaDy be 
accomplished by getting into the PC's BIOS 
(Basic Input/Output System, the low level 
operating system that controls your PC's 
components and characteristics) so you can 
disable the built-in audio. 

You can usually enter a computer's BIOS by 
pressing a key when the system is powered on 
and begins booting up. The exact key is not the 
same for all systems, so consult your system 
documentation for instructions. Alternately, 
look for a message to appear 
on your screen while the 
computer is checking its 
RAM. It will usually tell you ’ 
which key to press to enter the 
BIOS, such as "Press DEL to enter 
Setup" or "Press-F2 to Enter tPl^ BI( 

Before we get much furth^ 
advised that tampering with the BIC 
delicate affair. Making a mistake here could 
(potentially) render your system inoperable 
or Windows unable to boot. Unless you're an 
advanced user, contact the support depart¬ 
ment for your computer before attempting 
BIOS changes. 

That said, if you're still determined to poke 
around in your BIOS, keep pen and paper hmdy 
to make notes of any changes made should prob¬ 
lems arise and you need to undo them. 

Once you've entered the BIOS, look at the 
bottom of the screen for navigation instruc¬ 
tions. It varies from BIOS to BIOS, but usual¬ 
ly arrow keys and TAB keys will move from 


selection to selection, and pressing ENTER 
will let you change a setting. Search 
for an option such as "Onboard Audio" and 
disable it. 

Once you have removed an existing sound 
card or disabled an 
onboard one, you should 
also remove the device 
from the Windows 
Device Manager, as well 
as any software or dri¬ 
vers associated with it. 

Turn on your computer 
and go into Windows. 

Right-click My Computer 
and select Properties. 

Click the Device Manager 
tab, followed by the 
Sound, Video and Game 
Controllers icon, and 
make sure no traces of 
your previous sound card 
are left. If there are, click 
to highlight them and 
press the DELETE key on 
your keyboard (or click 

the Remove button). _ 

Click Yes to confirm the 
device removal. 

Once the sound card device driver is 
removed from the Windows Device Manager, 
click Start, point to Settings, then point to 
Control Panel. Double-click the Add/Remove 
Programs icon. Click to high¬ 
light any drivers or 
software associat¬ 
ed with your old 
sound card, and 
click the Add/ 
Remove button to, 
uninstall them. 


The Sound Blaster Live! (pictured here) and 
Creative Labs’ new Audigy line of sound 
cards is popular among gamers and home 
theater enthusiasts. 

This should completely remove all traces 
of your former sound card. Click Start and 
then select Shut Down to shut down 
your system. 



This older mothettMiani has both PCI and 
ISA expansion slots. The two Mack open¬ 
ings on the bottom are ISA slots, and the 
live white slots above them are PCI slots. 



■ Install The New Sound Card. Installing 
a new sound card is a relatively simple affair. 

First, unplug your PC. Remove your comput- by P. Bryan Edge-Balois 
er's cover or side panel. Touch the metal case 


of the computer somewhere (but not the 
motherboard or other components) to equal¬ 
ize the electrical potential between yourself 
and the computer. (If you accidentally 
touch the sound car'd or another PC compo¬ 
nent and discharge static 
electricity, you could 
ruin or disable whatever 
you touch.) 

Inside the case, locate 
an empty PCI (or ISA) 
slot. PCI slots are usually 
white and shorter than 
ISA slots, which are 
black. ISA slots are typi¬ 
cally located below PCI 
slots, as well. You may 
need to remove the brack¬ 
et for the slot. Using a 
Phillips-head screwdriv¬ 
er, remove the screw 
securing the bracket at 
the back of the case, in 
line with the slot in which 
you want to install the 
new sound card. 

Be careful to handle the 
card only by its edges; 
avoid touching any other PC components and 
the gold connectors that fit into the slot. Insert 
the new sound card into an empty slot, apply¬ 
ing firm, even pressure with both hands simul¬ 
taneously. You may need to wiggle the card 
forward and backward slightly if it's a tight fit, 
but it should fit snugly into the slot. 

Once the card is securely installed, replace the 
screw you removed earlier from the bracket, 
close your computer's case, and connect your 
speakers to the sound card. Turn on your PC 
and let it boot into Windows. Windows should 
detect the new sound card and prompt you for 
drivers. From this point, you'll need to follow 
the instructions included with the sound card to 
ensure proper driver installation. In most cases, 
you'll just need to place the driver CD in the 
CD-ROM drive and run a Setup program to 
install the sound card drivers. 

Barring any software-related issues, driver 
problems, or resource-related difficulties, you 
should be able to begin enjoying the benefits of 
your new sound card immediately. Of course, 
with all that newfound audio glory, you might 
want to think about upgrading those aging 
speakers, if you haven't already done so. @ 
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Introducing the new Palm" m500 handheld. Inside its sleek little chassis, we've added an expansion 
slot so you can turn it into the ultimate photo album or eBook. The optional SD cards also let you 
back up or increase memory, or even access worldwide travel guides. As for included applications, 
you can download email, import and update Excel spreadsheets, even customize and manage web 
content with the MyPalm'“ portal. We also included mobile connectivity software—add a modem or 
compatible mobile phone and your information can be accessed wirelessly. It's time to mobilize. 




the last thing you bought 
this expandable 
had an elastic waist. 




Available at: BestBuy Circuit City CompUSA Office Depot OfficeMax Staples 

SD expansion cards are sold separately and not included with handheld. SD card shown is an example of available storage capacity. Storage capacity may vary. The mSOO handheld requires an Internet 
account, modem or data-enabiMl mobile phone and/or third-party software for entail and Internet access, sold separately. Screen image is simulated. © 2001 Palm, Inc. All rights reserved. Palm, Simply 
Palm, MyPalm, Palm Powered, the Palm Powered logo and the Palm logo are trademarks of Palm, Inc. or its subsidiaries. Other products and brand names may be trademarks of their respective owners. 
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Power Up Your PC 

Better Processors & More Memory Matter 



A ll of a PC's internal components are 
important, but a system's CPU, moth¬ 
erboard, memory, and video card mat¬ 
ter more. They have the greatest influence on 
your PC's performance, and you can increase 
your PC's power by upgrading any of them. 
We'll explain the function of each part and tell 
you how you can benefit from upgrading. 
We'll also show you the many options you 
have for upgrading these components and esti¬ 
mate the cost of each upgrade. 

The other articles in this section will go into 
more detail about upgrading a CPU, memory, 
a motherboard, and a video card. Those arti¬ 
cles will also show you how to upgrade your 
system's power supply. Let's begin by taktag a 
look at your system's CPU. 

■ CPUs. The CPU is often described as the 
brains of a PC, and rightfully so. As the name 
implies, the CPU processes most of the data 
that runs through your PC. Whenever a 


program wants to execute a specific task, 
whether it's entering a value in a cell in a 
spreadsheet, drawing an image on the monitor, 
or sending e-mail, that request passes through 
the CPU. The CPU examines the stream's Is 
and Os, the language of computing. The CPU 
interprets this stream of data, calculates a 
response, and gives instructions to the rest of 
the PC based on the input. 

Brain styles. Processors are available in 
many speeds and a handful of different 
designs. The two main manufacturers of con¬ 
sumer CPUs are Intel and AMD. Intel is well 
known for its line of Pentium processors. 
Currently, Intel's fastest processor is the 2GHz 
Pentium 4. AMD has two lines of consumer 
CPUs: the Duron processor and the Athlon 
processor, the Athlon being a high-perfor¬ 
mance processor and the Duron a less power¬ 
ful, but less expensive, CPU. 

Processor speeds are measured in mega¬ 
hertz or gigahertz. The measurement refers to 


the number of cycles per second that the CPU 
can process. For example, a IGHz processor ; 
executes 1 billion cycles per second. Generally 
speaking, the more cycles per second that a 
CPU can execute, the faster it is. 

Match, not mix. Upgrading a PC's proces¬ 
sor is not especially difficult to do, but you 
have to make sure that you buy the right kind 
of processor. Not every processor will work 
with every motherboard. There will be some 
limitations as to what you can do, especially if 
you're using a Pentium-based system. 

For example, you cannot upgrade your PC's ■ 
400MHz Pentium D CPU to a 1.5GHz Pentium 
4 CPU, because the motherboard you're cur¬ 
rently using will not work with Pentium 4 
processors. This doesn't mean that you can't 
upgrade a Pentium processor at all. You can 
upgrade a Pentium III processor to a faster 
Pentium III, or a 1.5GHz Pentium 4 to a 
1.8GHz Pentium 4, for example. 

Wallet hit. You'd expect that faster proces¬ 
sors would cost more than slower processors, 
and that's generally true. However, Intel's 
Pentium HI processors tend to cost more than 
most Pentium 4 processors, as Intel tries to 
encourage faster adoption of the Pentium 4 
CPU. A IGHz Pentium III processor retails for 
about $250, but a much faster 1.5GHz Pentium 
4 CPU seUs for about $200. 

The fastest Pentium processors are still 
very expensive, however. You can expect to 
pay about $300 for a 1.7GHz Pentium 4, about • 
$350 for a 1.8GHz Pentium 4, and anywhere * 
from $650 to $750 for Intel's latest CPU, the 
2.0GHz Pentium 4. 

You will have a little more flexibility when 
upgrading an AMD processor. According to 
Mark Bode, division marketing manager for 
AMD, AMD Duron and Athlon processors 
have been using the Socket A design since June 
2000. AMD motherboards can support either a 
Duron or Athlon processor, with processor 
speeds ranging from 700MHz to 1.3GHz. Some 
motherboards support processor speeds from 
800MHz to 1.4GHz. Mother-boards that sup¬ 
port the older K6 generation of AMD proces¬ 
sors are not compatible with the latest Socket 
A processors, however. 
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AMD has always tried to keep its chip 
prices lower than Intel's. A IGHz Duron CPU 
costs only about $100, and you can buy a 
1.4GHz Athlon processor for about $150. 

Processing power. The performance you 
gain from upgrading your CPU can be signifi¬ 
cant. Bode says upgrading to a IGHz Athlon 
processor from a IGHz Duron processor can 
increase your PC's performance by 10% to 20%. 
Bode says you also gain about a 6% to 10% 
increase in performance with each subsequent 
inaease in the processor's frequency. 

For example, the l.lGHz AMD processor is 
about 6% to 10% more powerful than the 
IGHz processor, and a 1.2GHz processor 
increases performance by 12% to 20% over a 
IGHz processor. 

Some users try to increase 
the performance of their CPUs 
by "overclocking" them. Over- 
clocking a CPU increases its 
performance by raising the 
number of clock cycles it per¬ 
forms each second. Neither 
AMD nor Intel recommends 
overclocking a CPU. AMD's 
, Bode says, "When you start 
j changing the frequency of the 
! device.. .it can get outside of 
it's specifications, and if your 
heat sink is not sufficient you 
can eventually do physical 
damage to the device." George 
Alfs, a spokesperson for Intel, 
adds, "You could void your 
warranty because you're run¬ 
ning the processor outside of 


the specified operating conditions." Although 
both Alfs and Bode discourage overclocking a 
CPU, they agree that what a user does with a 
processor after he or she buys one is the user's 
business. But it's important to understand the 
risks involved before you overclock a CPU. 

■ Motherboard. A PC's motherboard pro¬ 
vides the infrastructure for a system. It physi¬ 
cally connects the CPU and the system's 
chipset to the memory, sound card, video 
card, and other components in the PC. 
Motherboards are available in a wide variety 
of configurations. 

When you upgrade the motherboard on 
your system, you're essentially upgrading 


your entire PC. The new motherboard may 
require a different (and likely more powerful) 
processor and different memory than you are 
currently using. Many users who buy a new 
motherboard also Install a new video card, 
hard drive, and perhaps other components to 
complefnent the motherboard. 

Of course, you can also accomplish this by 
buying a new PC, which is an option that 
Intel's Alfs recommends. "You get the benefit 
of a larger hard drive and better graphics 
card, as well as the faster CPU and mother¬ 
board," he said. "That is one way to get 
everything at once." 

On your own. Some users prefer the do-it- 
yourself approach and are willing to spend the 
extra money for the additional components 
needed for the new motherboard. The better 
components will, of course, improve the over¬ 
all performance of the system, but the mother¬ 
board itself also contributes to a PC's power. 

Motherboards have different front side bus 
speeds, and like CPUs, the bus speeds are 
measured in megahertz. The front side bus 
speed for an Intel Pentium 4 compatible moth¬ 
erboard is 400MHz, and the fastest front side 
bus speed available for AMD compatible 
motherboards is 266MHz. 

There are also 200MHz AMD compatible 
motherboards available. AMD's Bode says that 
the performance of motherboards with a 
266MHz front side bus is about 5% greater 
than that of motherboards with a 200MHz 
front side bus. The 266MHz motherboards also 
tend to use the more powerful Athlon proces¬ 
sors rather than Duron processors. 


Return On investment Chart: 

Memory & Processing 


Type Of 
Upgrade 

Home 

Estimated Return On Investment 
(On A Scale Of 1-10) 

Business Graphic Avid Web Avid 



User 

User 

Artist 

Surfer 

Gamer 

Comments 

RAM 

7 

7 

9 

js 

9 I 

Everyone benefits from more 
memory, especially at current prices. 

CPU 

5 

6 

8 

6 

8 

A good investment for power users. 

Motherboard 

3 

3 

6 

4 1 

7 

Too much of an investment for 
most users. 

Video Card 

5 

5 

8 

6 

9 

Gamers get the most out of 
this investment. 

Power Supply 

4 

4 

7 

4 

7 

You may need the extra juice if you 
upgrade some components. 
Otherwise, don't bother. 
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Upgrading a system's memory 

is perhaps the least expensive improvement 

you can make to your PC, 

and it’s pretty easy tO dO. 


Remember the memory. You'll need to 
take into account the kind of processor and 
memory you want to use when you shop for a 
motherboard. There are a lot of motherboard 
vendors from which to choose, and there are 
many combinations of CPU, memory, and 
video card requirements. 

For example, you can buy a Pentium 4 com¬ 
patible motherboard that uses either RDRAM 
(Rambus dynamic RAM), which means the 
motherboard has an Intel 850 chipset, or 
SDRAM (synchronous dynamic RAM), which 
uses Intel's 845 chipset. 

Prior to September 2001, Pentium 4 mother¬ 
boards only supported RDRAM. Intel's Alfs 
says Intel also plans to release a DDR (double- 
data-rate) version of the 845 chipset in the first 
quarter of 2001, so users will have a third 
memory option when shopping for Pentium 4 
compatible motherboards. 

AMD compatible motherboards 
don't use RDRAM, but they can 
use either DDR-SDRAM or stan¬ 
dard SDRAM. You can also 
choose between the two bus 
speeds, as we mentioned earlier. 

Bode says users can also choose 
between motherboards that have the 
graphics chip built into the chipset or 
motherboards that use add-in graphics cards. 

The cost. As you'd expect, the price of the 
motherboard depends upon its configuration. 
Motherboards that support more powerful 
components, such as Pentium 4 processors or 
DDR-SDRAM, tend to cost a little more than 
motherboards that use "lighter" components, 
such as integrated video chips and SDRAM. 
AMD compatible motherboards cost between 
$100 and $175. Pentium 4 compatible mother¬ 
boards range from $200 to $250. 

Motherboards aren't that expensive, but 
because of the extra costs related to upgrading 
other components and the time and effort 
required to install a motherboard and the 


additional components, a motherboard 
upgrade doesn't have a very good return on 
investment. Most home and business users 
wouldn't even consider upgrading a mother¬ 
board, especially with new PC prices being as 
low as they are. This is an upgrade for power 
users who like to get their hands dirty. 


. Upgrading a system's memory is 
perhaps the least expensive improvement you 
can make to your PC, and it's pretty easy to do. 
Furthermore, every kind of user benefits from 
adding more memory to their PCs, whether 
you're a gamer, Web surfer, business user, or 
casual home user. We recommend this 
upgrade the most because it pro¬ 
vides the biggest bang 
for the buck. 


photo-editing software, will see a 
bigger increase in system perfor¬ 
mance than users who use their 
PCs primarily for e-mail, Web surf¬ 
ing, and word processing. 

When it's too much. At some 
point, most users will experience 
diminishing returns from adding 
more memory. The latest comput¬ 
ers can support up to 2GB of RAM, 
but that's far more memory than 
_ most users need. 

Alfs says that "for everyday 
desktop applications, and with the price [of 
memory], I would advise anyone ... to have a 
minimum of 128MB, and I would recommend 
256MB." Some users who frequently run mem¬ 
ory-intensive applications would benefit from 
more than 256MB of RAM, but for most users 
this isn't necessary. 

AMD's Bode agrees that 128MB is the mini¬ 
mum amount of memory necessary for today's 
PC users. "Beyond that, it's gravy," he says. 

Performance results. The type of memo¬ 
ry that you can install 



The bene¬ 
fits. When you open an 
application, much of the data 
your PC will need to run the application is 
stored in your system's memory. When your 
computer's CPU needs a particular piece of 
data to execute a task, it checks the system 
memory for the information. 

If the information isn't waiting in the system 
memory, the computer will have to access the 
needed data from the hard drive, which hurts 
a PC's performance. The more memory your 
PC has, the more efficiently your programs 
will run because the PC has more resources 
available to seek out information. 

Some users benefit more from adding mem¬ 
ory to their PCs than others. Alfs and Bode 
agree that users who use memory-intensive 
programs, such as games or video and 


your PC Is the best upgrade you 
can make, especially at today’s prices. 


(SDRAM, DDR-SDRAM, or RDRAM) in your 
PC is determined by your motherboard. 
SDRAM is the least expensive kind of RAM, 
but it's also the slowest. DDR-SDRAM is only 
slightly more expensive than SDRAM but is 
somewhat faster. Alfs says that RDRAM is 
about 5% to 10% faster than SDRAM, 
depending upon the applications being used. 
DDR-SDRAM is in the middle. It delivers a 
little better performance than SDRAM but 
not as much as RDRAM. 

In sync. About the only difficult part of 
upgrading your system's memory is finding 
exactly the right kind of memory for your 
system. You'll need to know whether your 
computer uses SDRAM, DDR-SDRAM, or 
RDRAM. But you'll also need to know the 
make and model of your PC. 

The 128MB SDRAM module that works in 
an 800MHz Celeron PC from Compaq may 
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not work in an 800MHz Celeron PC from 
Gateway. For this reason, most online sites 
and retail stores that sell RAM have a "mem¬ 
ory configurator" that gives you the correct 
model number of RAM module for your PC. 

Alfs also recommends matching the mem¬ 
ory modules in your PC as much as possible, 
especially in terms of size. If you already 
have a single 128MB memory module 
installed, you should match it with a second 
128MB memory module, rather than adding 
a 64MB or 256MB memory module. ‘ 

At what price? There are many vendors of 
memory, and it's a wonder that any of them 
are still in business. The price of computer 
memory has been low for quite a while, and 
right now it's ridiculously cheap. 

You can buy a 128MB SDRAM 
memory module for a mere $20, 
perhaps even less. A128MB DDR- 
SDRAM memory module is only 
$50 to $60. RDRAM has always 
been considerably more expensive 
than either SDRAM or DDR- 
SDRAM, but RDRAM prices are 
also very low right now. You can 
buy a 256MB RDRAM memory 
module for $120 to $140, which 
we think is an excellent bargain. 

If you make one, and only one, . 
upgrade to your PC: add more 
memory. It's the cheapest and 
easiest way to improve your sys¬ 
tem's performance. Adding more 
memory to your PC provides the best 
return on investment among all the options we 
cover in this article. 

■ Video Cards. Video cards have become 
much more powerful in the past couple of 
years and therefore play an important role in 
your system's performance. 

NVIDIA (http://www.nvidia.com) released 
the first GPU (graphics processing unit) in 
August of 1999. A GPU is like a mini-CPU 
dedicated solely to graphics processing. Before 
GPUs appeared, the system's CPU did much 
of the graphics processing for the system. 
Today's GPU enabled video cards relieve the 
CPU of much of the graphics processing duties 
so the CPU can focus on processing other data. 

Gamers and users who work with photo and 
video software are the ones who gain the most 
from upgrading a video card. Other users will 
see some improvement in 2-D applications, such 
as word processors, when upgrading a video 
card, but the improvement won't be as great. 


Almost all new video cards improve both 

2- D and 3-D performance to some degree, but 
some cards are especially good at accelerating 

3- D programs, such as games. These 3-D pow¬ 
erhouses tend to be very expensive, often 
costing three times as much as cards that pri¬ 
marily improve 2-D performance. There are 
also video cards with which you can capture 
and edit video clips, in addition to improving 
2-D and 3-D performance. Let's take a look at 
some of the products available. 

Matrox. Matrox (http://www.matrox.com) 
is best known as a manufacturer of very good 
quality 2-D video cards. Matrox cards also 
support 3-D applications, but the 3-D 


that of other products. Matrox cards, however, 
are considerably cheaper than the high-end 
3-D products, which make Matrox cards 
attractive to many home and small business 
users. The latest Matrox video card, the 
Millennium G550, costs only $125. 

ATI. ATI (http://vww.ati.com) is another 
well-known video card manufacturer. The 2-D 
quality of ATI's cards is about the same as 
Matrox's cards, but ATI's graphics cards are 
better at 3-D than Matrox's products. ATI is 
also known for it's ALL-IN-WONDER line of 
video cards. In addition to accelerating 2-D 
and 3-D programs, ALL-IN-WONDER cards 
have a built-in TV tuner so you can watch your 
favorite television shows on your PC. You can 
also capture and edit video with an ALL-IN¬ 
WONDER video card. ATI's video cards tend 
to be more expensive than Matrox video cards, 
however. The latest ATI cards cost between 
$200 and $300. 


NVIDIA'S role. Another manufacturer of 
note is NVIDIA. NVIDIA doesn't make video 
cards. Rather, it makes the GPUs (or graphics 
chips) that power video cards and sells the 
GPUs to other vendors, such as Hercules, 
VisionTek, and ASUSTek. NVIDIA has a repu¬ 
tation for making the best 3-D graphics chips 
available. The 2-D power of NVIDIA's chips is 
comparable to that of Matrox or ATI video 
cards. Video cards that use NVIDIA graphics 
chips tend to be the most expensive on the 
market, retailing for as much as $400. 

Right for you. The video card you should 
buy depends upon what kind of user you are. If 
you love games or frequently use 
your PC to work with video 
and photos, you'll want either 
a higj\-end ATT video card or a 
video card that uses an 
NVIDIA GPU. If you primarily 
use productivity applications 
or use your PC to surf the Web, 
you really don't need to spend 
$300 to $400 on a video card. A 
$125 Matrox video card will pro¬ 
vide you with the performance 
you need. An ATI ALL-IN¬ 
WONDER video card is the best 
choice for users who want a little 
bit of everything. 

The return on investment 
varies depending upon what 
kind of user you are and what 
kind of card you buy. If you're a 
gamer, you won't get a very good 
return on your investment by buying a video 
card that doesn't handle 3-D applications very 
well. Likewise, a small business user who 
never plays games doesn't need the 3-D power 
of a $400 video card. If you shop smart, a video 
card upgrade provides a good return on your 
investment, especially for 3-D gamers. 

■ Everything Old Is New Again. You can 

upgrade your system in any number of ways, 
but if you really want to give your PC a per¬ 
formance boost, you should upgrade one or 
more of the components we've discussed in 
this article. A new hard drive may be benefi¬ 
cial in some ways, but you won't see a drastic 
improvement in your PC's overall power. 
Upgrading the PC's memory, CPU, or graph¬ 
ics card is the best way to breath new life into 
an older PC. 0 

by Michael Sweet 



ability of Matrox cards is not quite as good as 
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More Memory 

Your No. 1 Upgrade Priority 



I ore than hard drive storage, probably 
even more than CPU speed, system 
memory is the most critical PC compo¬ 
nent in need of upgrading. Hard drives are now 
large enough to accommodate dozens of mas¬ 
sive applications, and data can be cheaply and 
easily shuffled off to recordable CDs. 
Processors in excess of IGHz can now be 
had for under $100, and once you hit such 
lofty speeds, there aren't many applica¬ 
tions that show a significant difference 
between, say, LZGHz and 1.7GHz. 

The story with RAM is different, 
though. When you bring a new PC home, 
it might come with 64MB or just enough 
to run the Windows flavor de jour. But as 
you become more proficient with applica¬ 
tions, you begin to see the convenience of 
running two Office applications, a Web 
browser, a photo editor, your instant mes¬ 
saging client, and who brows how many 
background applets simultaneously. 

Convenience costs, though, and soon 
enough your RAM is struggling to carry 
the weight of all these programs. Unable 
to shoulder the whole load, RAM dumps 
some of the burden off to the hard dri¬ 
ve's swap file. Because the hard drive 
processes data far more slowly than 
RAM, this slows down system perfor¬ 
mance even more. 


The obvious solution is to 
add more RAM. Sbc months 
later, of course, you upgrade 
a few of your key applica¬ 
tions, but the newer 
versions are larger 
and more resource¬ 
intensive. The sys¬ 
tem slows down 
again and then 
the cycle repeats. 
As a rough 
sketch, this scenario 
shows why RAM is one 
of the most popular PC 
upgrades. Now, thanks to 
the downturn in tech 
spending, vendors have 
slashed profit margins to practically nil, mak¬ 
ing RAM one of the most affordable upgrades 
as well. During a memory supply drop in the 
mid-'90s, RAM prices spiked to more &an $50 
per megabyte. Today, as the market rests in a 
RAM glut, prices on conventional SDRAM 


(synchronous dynamic RAM) have plummeted 
to less than 12 cents per megabyte. 

There are plenty of reasons to upgrade. 
Unfortunately, the biggest remaining impedi¬ 
ments to a smooth upgrade come from users 
themselves. Without a decent understanding of 
the memory platforms available, it's easy to get 
stuck overinvesting in a dead-end format, forc¬ 
ing you into spending more than necessary 
when you improve your system. That said, let's 
take a lo<3k at today's RAM options and how 
they'll affect your future PC choices. 

■ RAM History. Like everything else inside of 
PCs, system memory has gone through several 
substantial transformations. Back in the days of 
the XT PC and 286 processor, most memory 
modules resembled rectangular bugs with 
straight metal legs. Rows of these DIP (dual in¬ 
line package) modules plugged into mother¬ 
boards and required a special extraction toot (or 
a steady hand with a small screwdriver) in 
order to remove them. Even worse, because the 
modules expanded and contracted with each 
heat cycle, DlPs would occasionally creep out of 
their sockets, causing the PC to fail. 

Eventually, designers hit on the idea of 
mounting these modules onto slender PCBs 
(printed circuit boards) that stood perpendicu¬ 
lar to the motherboard in revamped sockets. 
When these modules still had spiky feet 


Check Out Our Top Picks: 

Shopping For Memory 


128MB 

Peripheral 

PNY Technologies; 

PCI 00 

Enhancements EDGE 

$18; http;//www.pny.com 

SDRAM 

Memory 128MB 

SDRAM; $30; 
http://www.peripheral.com 


128MB 

Kingston Technology 

Peripheral 

DDR-SDRAM 

128MB DDR-SDRAM; 

Enhancements EDGE 


$60; http://vi/ww 

Memory 128MB DDR- 


.kingston.com 

SDRAM; $50; 

; http://www.peripheral.com 

256MB 

Kingston Technology 

Peripheral 

RDRAM 

256MB RDRAM; 

Enhancements EDGE 


$145; http://www 

Memory 256MB 


.kingston.com 

RDRAM; $140; 
http://www.peripheral.com 


Viking Components 
128MB SDRAM; 

$22; http://www.viking 
components.com 


Viking Components 
128MB DDR-SDRAM; 
$64; http://www.viking 
components.com 


Viking Components 
256MB RDRAM; 

$120; http://www. viking 
components.com 
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soldered to the contacts, they were known as 
SIPs (single in-line packages). Seeing that the 
feet were imnecessary, the contacts were left 
flat against the PCB, with pins on opposite 
sides of the board connected to form one con¬ 
tact, and the units became SIMMs (single in¬ 
line memory modules). The logical evolution 
was to separate the pins on both sides of the 
module, thus allowing today's 168-pin config¬ 
uration, the DIMM (dual in-line memory mod¬ 
ule), most of which are SDRAM. 

■ Performance Factors. As with CPUs, 
the megahertz speed of memory often draws 
the most attention, but there are other factors 
that significantly impact RAM performance, 
particularly bus width (the number of bits 
passed across the memory module's bus per 
cycle) and latency. 

To understand latency, imagine a Battleship 
game. Specific locations on the board are iden¬ 
tified by rows and columns. Memory bits are 
arranged in a' similar fashion, with the specific 
column/row locations called addresses. When 
memory is accessed, the system seeks out a 
row, then a column, and then proceeds to 
move the data. When a Battleship player calls 
out "G-7," the other player must study his 
board and figure out exactly where those 
coordinates are before he can say if G-7 is a hit 
or miss. With memory, this time used to locate 
the proper address is called latency. 

Latency time. The technology leap from 
SIMMs to SDRAM is huge, because the latency 
time plus the data transfer time yields a mod¬ 
ule's speed. A 70ns (nanosecond; one-billionth 
of a second) SIMM might have a 30ns latency 
plus a 40ns transfer time. Translated, 70ns is 
about 14MHz. So whenever a 150MHz or 
266MHz CPU, for example, tried to read a 
stream of data from such slow memory, the 
CPU was forced to wait idly for many cycles 
for the next batch of data from the RAM, bottle¬ 
necking the system. 

With SDRAM, however, the bus speed of the 
memory module is meant to be synchronized 
with the bus speed of the CPU. A Pentium IB 
designed to run on a 133MHz bus works opti¬ 
mally with PC133 (133MHz) SDRAM. Neither 
component is forced to wait for the other. You 
can mismatch speeds a bit, though. PC133 
SDRAM will run on a system with a lOOMHz 
CPU bus, although transfers between the two 
components will be done at the slower speed. 

Sffl, this is good to keep in mind for upgrad¬ 
ing. If you happen to be buying more memory 
for Junior's old 66MHz bus Celeron but think 


you might upgrade him to your current 
133MHz bus Pentium III, buying PC133 
SDRAM is a safe bet, because the modules will 
run under both platforms, finally performing at 
top speed in the latter configiuation. 

■ SDRAM. SDRAM comes in 66MHz, 
lOOMHz, and 133MHz varieties. For years, ven¬ 
dors have indicated that 200MHz or even 
266MHz modules might someday reach the 
market, but that now seems increasingly 
unlikely. SDRAM persists in the low and 



on each side of the socket will have flipped up 
and be nestled into the notches on each side 
edge of the module. 

lower-midrange levels of the market. Intel gave 
SDRAM a life expectancy extension with the 
release of its 845 chipset, which finally let 
the Pentium 4 work with PC133 SDRAM. 
Interestingly, SDRAM is a considerably slower 
RAM format than is optimal for accompanying 
the Pentium 4, demonstrating that marketing 
(for example, Intel's drive to saturate all levels of 

the consumer mar- - 

ket with Pentium 4 
chips) can have 
more to do with 
popular system 
configiuations than 
actual performance. 

■ RDRAM. For a 

long time, Intel 
fought tooth and 
nail to keep the 
Pentium 4 paired 
with Rambus' 

RDRAM (Rambus 
dynamic RAM) 


technology, a substantially faster format than 
SDRAM. Looking only at the bus width, 
SDRAM appears to have a clear advantage, 
sporting an 8-byte (64-bit) bus vs. Rambus' 2- 
byte (16-bit) bus. Where RDRAM makes its 
comeback is its clock speed. 

A memory cycle involves an electronic signal 
with a rising and falling edge. Think of a sine 
wave that first goes up, then down, then back to 
zero. SDRAM sends one batch of data with each 
clock cycle. One of Rambus' innovations was to 
let data be sent on both the rising and falling 
edges of the cycle, a "double clocked" opera¬ 
tion. Although RDRAM is designed with 
266MHz, 356MHz, and 400MHz speeds, this 
double clocking results in speeds of 532MHz 
(PC600), 712MHz (PC700), and 800MHz 
(PC800). Figure 1 in the chart below shows data 
bandwidth differences between RAM types. 

So is PC8(X) RDRAM really twice as fast as 
PCIOO SDRAM? No, and this is where latency 
comes into play. RDRAM modules (known 
as RIMMs) operate in serial. This means that 
if you have two RIMMs on a motherboard, 
and you want data from the second module, 
the system must first locate the module and 
then pass the data through the first module to 
reach the memory controller rather than 
bypassing the first RMM altogether. 

Thus, while each RMM has a roughly 20ns 
latency, the overall latency of the RAM subsys¬ 
tem increases as you add more modules. In 
tests between SDRAM and RDRAM on the 
Pentium III platform, the two formats were 
shown to perform almost identically. 

■ DDR. DDR-SDRAM (double-data-rate 
SDRAM) is essentially the same as standard 
SDRAM except it employs the double clocking 
technique used by RDRAM. So lOOMHz and 
133MHz modules effectively deliver 200MHz 


Figure 1: 
Memory Type 
PC800 RDRAM 
PC700 RDRAM 
PC600 RDRAM 
PCI 33 SDRAM 
PCIOOSDRAM 


Figure 2: 

Memory Type Bus 
PC266 DDR SDRAM 
PC200 DDR SDRAM 


Bus Width (bytes) Ciock Speed (MHz) Bandwidth 


712 1.424GB/sec 

532 1.064GB/sec 

133 1.064GB/sec 

100 0.8GB/sec 

Clock Speed (MHz) Bandwidth 
266 2.18GB/sec 

200 1.6GB/sec 


Learning Series / PC Upgrades 59 










Memory & Processinj 


and 266MHz speeds. Figure 2 in the chart on 
page 59 shows relationship between the two. 

Real-life comparisons between RDRAM and 
DDR on the Pentium 4 platform have yet to 
surface as of this writing. The only supporting 
chipset for the first year of the P4's life was 
Intel's 850, which only worked with RDRAM. 
Intel still has yet to produce a chipset that is 
DDR-compatible. Taiwanese vendor VIA 
(http;//www.via.com.tw), however, an¬ 
nounced its P4/DDR-compatibIe P4X266 
chipset in August, and despite Intel's lawsuit to 
block the product, the first P4X266-based moth¬ 
erboards are said to be arriving on store 
shelves during the fourth quarter of 2001. 

If RDRAM and DDR demonstrate similar per¬ 
formance with the P4, price becomes the obvious 
decider between the two. Whereas the relatively 
stiff royalties paid by manufacturers to Rambus 
are well-publicized, DDR is license-free, allowing 
far lower price points. With its lower clock 
speeds, DDR also doesn't suffer from the intense 
heat problems RDRAM faces. 


■ Parity & ECC. Back when the IBM 
PC was first designed, engineers were 
used to thinking of computers in terms 
of mainframe performance, where stabil¬ 
ity and accuracy of data processing were 
paramount. After all, one slipped digit 
in a multimillion-doUar bank transaction 
could prove catastrophic. A system 
called parity was developed to ensure 
that every byte of memory was accurate. 

Parit/s part. With parity, a ninth bit 
is CTeated to accompany each 8-bit unit, 
or byte, in effect aeating a 9-bit byte. The 
purpose of the ninth bit was to confirm 
that the content of the 8-bit unit had not 
changed from the time it was originally 
stored. Given that semiconductors weren't as 
finely made back then, such precautions made 
sense. Moreover, research from Intel and IBM 
showed that, apart from mechanical flaws, alpha 
particles and even cosmic rays randomly flipped 
bit values every once in a rare while. 

Although different parity schemes exist, the 
one developed by IBM was called "odd parity." 
With odd parity, the values of each bit within a 
byte were added to see if the sum was even. For 
example, a byte might contain the bit values 0,0, 
1,1,0,1,1,1. If the byte's sum was odd, the ninth 
bit would be 0, if even then 1. In this way, the 
sum of all nine bits was kept odd. In our exam¬ 
ple, the sum is 5, so the ninth bit would be 0. 

The vast majority of data errors are single¬ 
bit. If one of the bit values happened to change 


because of malfunction or accident, the byte 
would then yield an even value and a parity 
error message would result. At this point, the 
user would generally have the choice to contin¬ 
ue or reboot. * 

Apple's take. Then along came Apple, 
which decided that home users didn't really 
need that level of extreme accuracy. A stray bit in 
a computer game wouldn't hurt anybody, so out 
went the parity chips, resulting in a considerable 
(at the time) savings of 10% to 15% on memory 
costs. PC vendors, sensitive as always to price 
pressure, started using non-parity memory in the 
386 generation, leaving parity modules to 
become a high-end option for machines running 
"mission critical" applications, especially servers. 

The trouble with parity is that while it can 
detect single-bit errors, a two-bit error would 
register as a "pass" since the byte sum still 
showed as matching the odd or even value of the 
parity bit. Moreover, parity can't correct errors, 
so even if you save your information after receiv¬ 
ing a parity error, you could be saving bad data. 



If you have three sockets, they’ll he identified as 
banks 0,1, and 2. Put your RAM chip in the 0 
bank first. If you install additional modules, put 
them in bank 1 and then 2. 

ECC. The solution is ECC (Error-Correcting 
Code) memory, now common in DDR and 
RDRAM memory. By processing 8 bytes of 
data at a time (on 64-bit systems), ECC can 
detect multiple-bit errors and even correct sin¬ 
gle-bit errors. (Some advanced ECC formats 
can correct multiple-bit errors, but this is 
uncommon.) This way, mistakes are corrected 
as they happen. Memory faults won't pause or 
crash the system, and data stays intact. 

As Apple surmised long ago, the average con¬ 
sumer doesn't need parity or error correction. 
However, the difference between an ECC and 


non-ECC 256MB SDRAM module is now typi¬ 
cally less than $10. Now ask yourself what your 
most valuable set of data is and if it would be 
worth an extra $20 to help your data stay free of 
RAM errors. Should you decide to move your 
RAM to another motherboard in the future, 
know that ECC modules will work perfectly well 
on non-parity and non-ECC systems, although 
ECC will not function if parity is enabled. 

■ Buffers & Registers. Buffers and registers 
are additional memory circuitry that help to 
"redrive" control signals in RAM modules. This 
circuitry can either be integrated into the moth¬ 
erboard's memory controller or built into the 
modules. The latter approach lets the system 
support more modules. Module-mounted buffer 
chips, however, can negatively impact module 
performance at higher speeds. All current 
DIMM and SDRAM is unbuffered, leaving the 
control to the motherboard. 

Instead of buffers, SDRAM uses registers to 
redrive signals. The two processes are similar, 
only registering entails having the sys¬ 
tem clock move information in and out 
of the register. Because this periodically 
consumes one clock cycle, non-registered 
memory is a bit faster than registered, 
although registered SDRAM is better 
suited to the high capacities found in 
servers and other high-end machines. 
Your motherboard manual should 
tell you which type of memory you 
need. If you're buying both prod¬ 
ucts as standalone components, 
research this point in advance. If you 
buy the wrong type of module, it won't 
fit into the motherboard's RAM sockets. 

■ Installation Steps & Tips. Your 
motherboard documentation will illustrate the 
number of memory banks on the board. In 
older systems, a bank used to be comprised of 
multiple sockets, but today, SDRAM and 
RDRAM all use only one socket per bank, 
which makes upgrading a lot simpler. If you 
want to add, say, 128MB to your PC, just buy 
the appropriate single 128MB module. 

How do you know which module is appro¬ 
priate? That's the tough part. Most motherbwd 
manuals (as well as moteboard manufacturer 
Web sites) list tiie modules that have been tested 
and approved for that board. This isn't to say 
that you're stuck with just those few options. 
Generic and other name-brand modules may 
work; it's only that the manufacturer isn't sure 
they work. 
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Proprietary memory. Some systems, 
particularly notebooks and older PCs, use pro¬ 
prietary memory, meaning modules that are 
designed specifically for that system. Industry 
standard modules will not work, so you 
can't merely walk down to the comer com¬ 
puter mart and buy them off the shelf. You'll 
need to special order proprietary parts. Top- 
tier memory manufacturers, such as 
Kingston (http://www.kingston.com) and 
Viking (http://www.vikingcomponents 
.com), offer tools 
identify the part number you need based on 
your current proprietary configuration. 

2 for 1? When you have a choice of how 
much memory to buy, you may be able to 
save a few dollars by purchasing two 64MB 
modules, rather than a single 128MB mod¬ 
ule. Today's motherboards either have two, 
three, or four memory slots, with three being the 
most common. If you start with two slots 
already populated when you get the system, this 
only leaves one left open for expansion. Once all 
slots are filled, your next upgrade will mean 
removing memory you've already paid for in 
order to make room for a larger module. This is 
why you always want to buy as much RAM as 
common sense and budget allow, then make 
sure to purchase it as a single module if possible. 

Put it in. Physical installation of 
I memory is very straightforward. In 
general, you want to install mod¬ 
ules in order. If you have three 
sockets, they'll be identified as 
banks 0,1, and 2. Populate 0 first, 
j then 1, then 2. Once you've identi¬ 
fied the correct memory socket, 
check the notches (called keys) 
along the edge cormector of your 
module and line these up with the 
corresponding blocks inside the 
memory socket. Insert the module 
into the socket and press down 
evenly on the module, gently at 
first and then applying more pres¬ 
sure as needed. When the module 
is firmly seated, the ejector tabs on 
each side of the socket will have 
flipped up and be nestled into the 
notches on each side edge of the 
module. (To remove the module, 
press down on both ejector tabs.) 

If the module resists sinking 
into its socket, stop. Check inside 
' the socket for debris. Also check to 
i make sure you're using the correct 
I module type, as with buffered and 


unbuffered. The key positions between these 
two types are just different enough to prevent 
installation, and trying to force them down is 
likely to damage your components. 


Insert the module into the socket and press down 
evenly on the module, gently at first and then 
applying more pressure as needed. 


Respect its sensitivity. Memory modules 
are very susceptible to damage from electrostatic 
discharge, so dways ground yourself while han¬ 
dling RAM. If not, try to avoid working on a car¬ 
peted surface. Unplug the computer's power 
cable from the wall. Turn the power button on 
and off again to eliminate any residual charge in 


the power supply. After opening the case, touch 
any unpainted metal surface in the chassis' inte¬ 
rior to ground yourself. Handle modules by their 
PCB edges and don't contact the actual chips. 

A RAM format may determine the major 
components in the rest of your PC. If you're 
married to DDR-SDRAM, for example, 
you're practically forced to buy an AMD 
Athlon processor, which in turn requires 
looking at different motherboard options 
than if you were contemplating a Pentium 
4. Many experts feel that SDRAM simply 
can't compete against DDR and RDRAM 
in the months to come, so opting for a 
Pentium 4 system based on Intel's new 
SDRAM-compatible 845 chipset may doom 
you to not being able to find upgrade mem¬ 
ory parts in the future as faster formats 
push SDRAM out of the market. 

■ Ticket To Speed. Installing memory is the 
easy part. Planning your memory configuration 
takes more time and careful consideration. But 
by understanding your own application needs 
and the hardware needed to best meet those 
needs, you'll be on the right path for making the 
smartest memory investments possible. @ 

by William Van Winkle 


All Modules Not Created Equal 


ith the computer industry 
in a dive and memory 
prices at unbelievable lows, 
now is obviously the time to 
buy cheap and buy a lot. But 
does it matter which module 
you buy, so long as it’s com¬ 
patible? According to John 
Deters, president of Computer 
Memory Test Labs (CMTL; 
http://www.cmtlabs.com), it 
can make all the difference in 
the world. 

“Prices are in the toilet,” says 
Deeter, “and that's where a lot 
of memory belongs, unfortunate¬ 
ly. When the margins are low, 
manufacturers are going to save 
a nickel wherever they can. The 
product might function, but put 
it in a harsh, demanding envi¬ 
ronment and you’re going to 
see failures.” 


CMTL conducts independent 
testing for performance and com¬ 
patibility for many of the industry’s 
leading motherboard, chipset, and 
memory manufacturers. If you see 
a CMTL certification sticker on a 
RAM module, it means the chip 
has been approved to work on the 
many motherboards the company 
uses during testing. To be safe, 
though, you should go to the 
Memory Finder tool at CMTL’s 
site and input your system/moth¬ 
erboard information to find out 
which modules have been 
approved for your PC. 

Deeter notes that although 
manufacturers submit their best 
products for evaluation, CMTL 
still fails nearly 10% of the mod¬ 
ules submitted, with every major 
vendor having submitted 
rejects. He sees a lot of manu¬ 


facturers cutting corners with 
less gold plating on contacts 
and shabbier PCB (printed cir¬ 
cuit boards)construction. 

Soon, CMTL will move from a 
pass/fail system to testing for dif¬ 
ferent levels of stress that corre¬ 
spond to different usage scenar¬ 
ios. Some modules may perform 
as advertised for e-mail and 
, word processing, then fail when 
put through the wringer with a 
resource-heavy 3-D game. 

“As speeds get faster, the 
stress becomes tighter,” says 
Deeter. “Consumers want to pay 
less money or pay the same price 
and get three times the speed. So 
everything is being pushed to its 
limit. This is why you definitely 
want to make sure that the prod¬ 
uct has been tested under certain 
conditions before you buy it.” |^ 
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The Shapes & Sizes Of Memoiy 


Y ou've decided that 64MB of RAM no longer gets the job 
done for you, and you need, to step up to 128MB, or 
even 256MB. Buying RAM is not quite as easy as going 
to an electronic drive-thru and ordering a super chunk of 


RAM, hold the fries. Although all forms of memory work to 
improve performance, different motherboards and systems 
take different types of RAM. Additionally, those different 
types of RAM use different methods to get to the end result. 


e in-line memory modules), which 
data per cycle, the three-quarter inch, longer 72-pin SIMMs 
72-pin SIMMs transfer 32 bits per cycle (or 36 with parity). In 
e, as 64-bit systems, such as the Pentium, took over, SIMMs transitioned into 
64-bit, 168-pin DIMMs (dual in-line memory modules), which are one inch longer 
than 72-pin SIMMs. It's worth noting that you install SIMMs inserting them into 
their sockets at an angle and then pushed up perpendicular to the motherboard. 
DIMMs plug in perpendicular to the motherboard before locking into place. 


By the early part of 1997, nearly all DIMMs were produced as SDRAM 
(synchronous dynamic RAM). Rather that measuring performance based 
on speed in nanoseconds, SDRAM, like CPUs, measures in megahertz, or 
the number of cycles per second. This reflects design efforts to synchro¬ 
nize the CPU and system memory bus speeds for more efficient data flow 
between components. 


DDR module (registered and unbuffered) 

DDR-SDRAM (double-data-rate SDRAM) modules are the latest incarnation 
of DIMM memory, able to send information on both the rising and falling 
edges of a clock cycle, thus yielding a “double-data rate.” Although standard 
SDRAM and DDR modules may both run at 133MHz, the DDR's ability to 
send twice as much information per clock cycle results in an effective speed 
of 266MHz. Servers generally use registered DDR modules, which have 
extra chips on the module to control how the memory is accessed. Desktops 
typically have buffers located on the motherboard, alleviating the need to 
keep the circuitry on the modules. 


Rambus RIMM 

Although RDRAM (Rambus dynamic RAM; known as RIMM) modules only 
offer 16-bit-wide data path, the modules operate at clock rates up to 400MHz, 
delivering 1.6GB per Rambus channel per second, or three times the band¬ 
width of PCI 00 SDRAM. Despite a large jump on DDR In the marketplace, 
relatively steep licensing fees to Rambus have kept RDRAM out of consumer 
systems. Only now, however, is Intel starting to open the Pentium 4 platform 
to SDRAM and, perhaps later, DDR. 
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New CPU 


Change The Way You Clock 



F eeling left behind by all the ads you see 
for multigigahertz processors? If you 
bought your computer in the last year or 
two, you don't need to, because there's bound 
to be a CPU upgrade available for your PC. 
The real trouble is determining whether you 
need to upgrade or not and selecting a replace¬ 
ment CPU that will work with your mother¬ 
board. Once that's taken care of, the actual 
installation is a cakewalk. 


snail's pace, adding more system memory 
usually increases performance more than 
upgrading the CPU. If games look like a slide 
show and have grainy, fuzzy graphics, pop¬ 
ping a new 3-D video accelerator card into 
your system may have more impact than any 
processor upgrade ever will. 


Check Out Our Top Picks: 

Shopping For A CPU 


Hard drive performance. The hard 
drive is perhaps the biggest bottleneck to PC 
performance. These complex mechanical 
devices simply can't feed information to the 
memory banks, CPU, or video card quickly 
enough to satisfy those fast components, so 
any upgrade you make in this area will result 
in a noticeable overall speed increase. 
Getting a hard drive with a faster rotation 
speed (7,200rpm [revolutions per minute] as 
opposed to 5,400rpm) normally yields a big 
performance boost. For more on hard drive 
upgrades, see page 110. 

When it doesn't help. Of course, there 
are other situations in which upgrading the 
CPU won't help one iota. If your Internet con¬ 
nection is slow, buy a faster modem, switch to 
a different ISP (Internet service provider), or 
upgrade to broadband service. If programs 
load slowly, the hard drive is usually to blame. 

■ Motherboard Upgrades. When you 
buy new hardware, do so with the 
assumption that someday you may upgrade 
your motherboard. When new models of 
memory, hard drives, and video cards 
appear, they generally offer advanced 
features or more speed when used with a 
brand-new motherboard, but are backward 
compatible with an old motherboard. 

If you upgrade one of these components, 
fight the urge to save a few bucks by getting 
the one that exactly matches the specifications 
of your current motherboard; instead, consid¬ 
er buying one that will work with your 
system but remain ready to unleash its full 
potential when you buy a new motherboard. 

Many companies sell kits that come com¬ 
plete with a motherboard, CPU, and 
memory. These combos are a terrific deal for 


■ Is It Necessary? The motherboard is the 
large slice of silicon that all the other compo¬ 
nents sit on top of and communicate through, 
and it dictates the type and speed of processor 
you can use. A common mistake computer 
newbies make is assuming that processor 
speed alone dictates the overall performance of 
their computers. 

In reality, your hard drive, video card, and 
RAM all can have a much bigger impact, 
depending on where you are experiencing 
slow performance. If video is sputtering and 
your image-editing software moves at a 


AMD 

1GHz AMD Duron; 

1.2GHz AMD Athlon; 

1.4GHz AMD Athlon; 


$100; 

$140; 

$150; 


http://www.amd.com 

http://www.amd.com 

http://www.amd.com 

Pentium 

1GHz Pentium III; 

1.5GHz Pentium 4; 

1.8GHz Pentium 4; 


$250; 

$175; 

$300; 


http://www.intel.com 

http://www.intel.com 

http://www.intel.com 


Notes: 

Pentium 4 requires RDRAM memory unless using the 845 chipset. 
All AMD processors use the Socket A platform. 
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computer novices who want to upgrade, 
because they don't have to deal with ifcding a 
processor that works with their motherboard. 
If the company says the combo is "burned in," 
that means the motherboard comes with the 
processor already installed and the company 
has tested it for a day or more to make certain 
everything works as it should. 

All that remains is for you to mount the new 
motherboard in your PC, install all your 
peripherals, and add some memory. Shazam! 
You have a faster computer. Unfortunately, 
these kits sometimes they come with a stingy 
warranty (sometimes as few as 15 days) and 
they inspire upgrade fever: When you get a 
new motherboard with fancy features, it's 
tough not to buy a better hard drive, a new 
video card, faster memory, and other compo¬ 
nents that take advantage of those features. 
The cost of all that stuff can easily top the price 
of a brand-new PC. 

■ Pick A Chip. If you decide that a processor 
upgrade is in order, the next step is choosing a 
replacement chip. The chart in this article 
depicts the most common upgrade paths 


available, but there are 
many factors to consider. 

Contact the motherboard 
or computer manufac¬ 
turer before you make 
a purchase. 

Packaging. First off, 
you have to find a chip 
with the same form factor 
of your current processor. 

The most common types 
of packaging for older 
processors are Slot 1, Slot 
A, Socket 370, and Socket 
A. Slot-based processors 
are packaged in car¬ 
tridges that fit into a slot 
on the motherboard. 

Socket-based processors 
are flat, have rows of con¬ 
nector pins on the underside, and settle into a 
socket on the motherboard. You'll sometimes 
see Slot 1 referred to as SECC2 (Single Edge 
Contact Cartridge) and Socket 370 as FC-PGA 
370 (Flip Chip-Pin Grid Array). You might also 
run into "slocket" processors, socket-based 


processors housed in a cartridge that makes 
them compatible with slot-based motherboards. 

Newer Pentiums use FC-PGA2 sockets and 
are incompatible with old motherboards, but 
companies like PowerLeap (http://www 
.powerleap.com) sell adapters that let the new 
CPUs work with old computers. And Evergreen 
Technologies (http://www.evertech.com) lists 
a variety of processors adapted to work with 
old computers. 

Bus fare. Bus speed is another specification 
you'll see when researching processor 
upgrades. Buses are the cables and other path¬ 
ways that link separate pieces of hardware 
together and let them communicate back and 
forth. The bus speed referred to in processor 
specification sheets is the FSB (frontside bus), 
also called the Northbridge, which links the 
CPU to the memory banks. Older mother¬ 
boards generally have a lOOMHz FSB, 
although some support 133MHz as well. Old 
Intel Celeron-based PCs use a 66MHz FSB, 
while AMD processors have FSB speeds as 
high as 266MHz. The specifics don't really 
matter; you just need to fed a processor that's 
compatible with the FSB speed your mother¬ 
board uses. Those of you with the old 66MHz 
motherboards might as well forget about 
upgrading; even if you could find a Pentium 
III or new Celeron chip to work with it, the 
lower bus speed would actually make the CPU 
run at lower than top speed. 

Current concerns. The final thing to 
consider is the voltage the processor uses. You 
may fed a replacement that fits on your moth¬ 
erboard and uses the same bus speed, but it 
may require a voltage your motherboard does 


Possible CPU Upgrades 

T his chart shows upgrades you can consider if you have a motherboard that supports the 
interface and FSB speed shown. Please note that the potential processor upgrades list¬ 
ed here are theoretical. Your specific motherboard ultimately determines the types of 
processor it accepts. 


Slot 1,100MHz FSB 

Pentium III 550MHz 

Socket 370, 

Socket A, 

Pentium HI 450MHz 

Pentium III 600MHz 

133MHz FSB 

200MHz FSB 

Pentium III 500MHz 

Pentium III 650MHz 

Pentium III 533MHz 

Athlon 850MHz 

Pentium III 550MHz 

Pentium III 700MHz 

Pentium III 600MHz 

Athlon 900MHz 

Pentium III 600MHz 

Pentium III 750MHz 

Pentium III 667MHz 

Athlon 950MHz 

Pentium III 650MHz 

Pentium III 800MHz 

Pentium III 733MHz 

Athlon 1GHz 

Pentium III 700MHz 

Pentium III 850MHz 

Pentium III 800MHz 

Athlon 1.1GHz 

Pentium III 750MHz 

Pentium III gOOMHz 

Pentium III 866MHz 

Athlon 1.2GHz 

Pentium III 800MHz 

Pentium III 1GHz 

Pentium III 933MHz 

Athlon 1.3GHz 

Pentium III 850MHz 

Pentium III 1.10GHz 

Pentium III 1GHz 

Athlon 1.4GHz 

Pentium III 1GHz 

Celeron 533MHz 

Pentium III 1.13GHz 
Pentium III 1.2GHz 

Duron 700MHz 

Slot 1,133MHz FSB 

Celeron 566MHz 


Duron 750MHz 

Pentium III 533MHz 

Celeron 600MHz 

Slot A, 200MHz FSB 

Duron 800MHz 

Pentium III 600MHz 

Celeron 633MHz 

Athlon 500MHz 

Duron 850MHz 

Pentium III 667MHz 

Celeron 667MHz 

Athlon 550MHz 

Duron 900MHz 

Pentium III 733MHz 

Celeron 700MHz 

Athlon 600MHz 

Duron 1GHz 

Pentium III 800MHz 

Celeron 733MHz 

Athlon 650MHz 


Pentium III 866MHz 

Celeron 766MHz 

Athlon 700MHz 

Socket A, 

Pentium III 933MHz 

Celeron 800MHz 

Athlon 750MHz 

266MHz FSB 

Pentium III 1GHz 

Celeron 850MHz 

Athlon 800MHz 

Athlon 1GHz 

Pentium III 1.13GHz 

Celeron 900MHz 

Athlon 850MHz 

Athlon 1.13GHz 


Celeron 950MHz 

Athlon 900MHz 

Athlon 1.2GHz 

Socket 370,100MHz FSB 

Celeron 1GHz 

Athlon 950MHz 

Athlon 1.33GHz 

Pentium III 500MHz 

Celeron 1.1GHz 

Athlon 1GHz 

Athlon 1.4GHz 
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not support. Again, refer to 
your documentation or call 
the PC manufacturer to deter¬ 
mine the supported voltages. 


■ The Purchase. The last 
thing to worry about is the 
actual purchase of the 
processor. Unlike memo¬ 
ry, CPUs aren't generally 
available at the local 
computer store. The 
major electronics chains sell 
processor upgrade kits, but most of these are 
aimed at very old computers, use proprietary 
processors, and generally aren't worth the 
money. You can learn more about that in the 
"Old PC?" sidebar. If you want a processor 
and don't want to drop a bundle at a local PC 
repair shop, your best bet is to shop online. 

Finding one. The good news is that, 
although the Web sites for many of the online 
hardware stores that sell processors look 
amateurish, most are actually legitimate busi¬ 
nesses with knowledgeable staff, terrific 
return policies,.and solid customer support. 
Pricewatch (http://www.pricewatch.com) is 
a good place to start researching prices,'and 
several Web sites have weekly processor 
price guides with links to vendors. To get 
started, try Sharky Extreme (http://www 
.sharkyextreme.com) or Anandtech (http:// 
www.anandtech.com). 

When you compare processors online, 
don't be fooled by prices that seem too good 



This is intei’s popuiar i815 chipset. 
The iarger chip on the ieft is the 
Northbridge that iinks the computer’s 
RAM to the processor, and the smaiier chip on the right is the 
Southbridge that iets most of the other components communicate 
with the Northbridge, which shutttes the information they 
send to the processor or memory banks. 


processor uses a new 
type of interface, mean¬ 
ing you can’t upgrade to 
it without repiacing your 
entire motherboard. 


processor can cost you big bucks 
down the line. 

Retail version. Boxed retail 
processors are kits that processor manufactur¬ 
ers package and sell. They are designed for 
end-users who want to upgrade their CPU and 
come with all the necessary hardware (proces¬ 
sor, a heat sink, and a cooling fan) to get the 
processor work- 



Memory & Processing 


heat sink and fan. 
Companies that sell OEM 
CPUs usually recommend 
that you buy thermal paste 
along with the CPU and 
other hardware. Thermal 
paste is a special heat-con¬ 
ducting material you spread 
over the top of the CPU so it 
can make a perfect seal with 
the heat sink. Retail processors 
come with thermal paste 
already applied, but be sure to 
grab a tube if you opt for an 
OEM processor. If you forget 
to order it. Radio Shack usual¬ 
ly stocks the stuff. 



When fast isn’t fast enough, check out the information on overciocking (and the 
heat sinks that the technique requires) at Extreme Overciocking. 



to be true. If you see the same processor sold 
at two radically different prices, it's likely the 
high price is for the boxed retail version of 
the CPU and the low price is for the OEM 
(original equipment manufacturer) version. 
There are big differences between the two, 
and trying to save a few bucks with an OEM 


toward) the heat sink. (Processors generate 
enough heat that, without some sort of cooling 
mechanism, they can actually melt themselves; 
hence the heat sinks and cooling fans.) 

OEM version. OEM processors are differ¬ 
ent. Sometimes they come with only the CPU 
unit, and it's up to you to obtain and install a 


I System Prep. Now that 
you have your CPU, it's time 
to roll up your sleeves and 
perform the upgrade. 
Before doing anything 
else, gather all the 
documentation that 
came with your PC, 
especially any documentation 
related to your motherboard. You may 
need to venture online or call your PC's manu¬ 
facturer to obtain these documents, but they 
are extremely important. You will need infor¬ 
mation on your computer's BIOS (Basic 
Input/Output System), jumper settings, and 
possibly DIP (Dual Inline Package) settings. 

Back up first. Don't forget to back up 
important Wes and keep your Windows instal¬ 
lation CD close at hand. The worst thing that 
typically happens during a processor upgrade 
is that you have to reinstall the original proces¬ 
sor, and everything works as it did before the 
process started. However, it pays to prepare 
for disaster. 

Take out the charge. Try to find a static- 
free environment in which to work. Consider 
buying a grounded antistatic pad or wrist 
strap at the store before going to work. If you 
have this device, touch a metal portion of your 
PC's case before touching the CPU or any 
other components. Make sure the computer is 
plugged in when you do this, otherwise it isn't 
grounded and any static built up in your body 
won't dissipate. 

Flash BIOS. Some upgrades may require 
you to "flash" the BIOS by using a small patch 
downloaded from the motherboard or PC 
manufacturer. The BIOS is a computer chip 
containing software that controls the basic 
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Sharky Extreme is one of a handful of helpful sites that offer in-depth reviews 
of the latest processors. 


operation of the PC. It has 
instructions that let the memory 
banks and video card communi¬ 
cate with the CPU, for example. 

The only way to upgrade the 
BIOS software is to launch a 
program that replaces the 
current contents with a fresh 
program, and that's where the 
flashing utilities come in. You 
put the flash program on a flop¬ 
py diskette, pop it into your 
disk drive, and reboot the PC. 

The utility automatically flashes 
the BIOS, effectively upgrading 
your motherboard. Be extremely cautious, 
however, as applying an improper flash 
upgrade can render your PC inoperable., 

■ Install The CPU. Take the new processor 
out of the box and inspect it. Make 
certain any heat sinks and fans are 
firmly attached, as any gaps in the 
seals (especially in heat sinks) can 
lead to overheating problems down 
the line. If anything is out of order, 
consider exchanging the processor 
for a new one. Otherwise, put it 
back in the box for now, make sure 
the computer is powered down, and 
remove the case. 

Gear a path. Depending on the 
case your PC uses, accessing the 
processor will either be a chore or a 
nonevent. If access isn't easy, don't 
force or bend anything out of the 
way. Consider removing other parts 
of the case to make access easier. If 
you must remove cables, memory 
chips, hard drives, or anything else to 
get a clear shot at the processor, take 
some pictures or at least take detailed 
notes so that you can get everything 
back into the same place once the 
new processor is installed. Also, try to 
judge whether or not there will be 
enough clearance around the new 
processor. Some replacement CPUs 
are larger than the chips they replace 
(due to bigger heat sinks and larger 
fans), and the last thing you want is 
for the heat sink or fan blades to 
touch surrounding hardware. If the 
heat sink touches something else, it 
has the potential to draw heat from, 
or transfer heat to, the other device. 

At the very least, the computer 


becomes unstable. At worst, things melt beyond 
repair. If the replacement processor doesn't 
fit, don't force it; just send it back and con¬ 
sider other options, including a complete 
motherboard replacement. 


Take it out. Now for the 
easy part: actually removing 
the old CPU and installing the 
new one. The procedure varies 
depending on the type of i 
processor you have, but as 
long as the PC is relatively 
modem, the process is pretty 
straightforward. If you have a 
kit, follow the instructions to 
the letter. 

Chances are you have either : 
a processor in a cartridge that | 
connects via a slot on the j 
motherboard or a traditional ' 
square chip with lots of metal pins on the ^ 
bottom that fit into a socket on the mother¬ 
board. Disconnect any power cables that are 
connected to the fans on the chip, and refer 
to your motherboard's documentation to 


Old PC? Think Twice About Upgrading 


T here are a few rules of thumb 
to follow when deciding 
whether to upgrade your CPU. 
The first is cost. If the upgrade 
will set you back $200 or more, 
think atwut saving money for an 
entirely new computer or buying 
a new motherboard and CPU 
combo.And if the upgrade won’t 
come dose to doubling the 
speed of your current CPU, you 
have another reason to hold off. 
Performance gains less than that 
usually aren’t worth the expense 
and hassle; you should think 
about spending your money on a 
different upgrade, or holding out 
until a better CPU is available. 

If you have a processor that 
preceded the Pentium II (intro¬ 
duced in 1997), forget about 
upgrading the CPU. You’ll be 
better off buying a cheap, new 
computer. At this point upgrad¬ 
ing even a Pentium II is ques¬ 
tionable, as the Pentium III and 
other processors you can use 
to replace them with were dis¬ 
continued as soon as the 2GHz 
Pentium 4 was released. 
Discontinued processors shoot 
up in price due to scarcity, and 


by the time you read this, 
Pentium Ills likely will cost a 
fortune compared to the faster 
Pentium 4 and Athlon chips. 

Overclock 

It seems strange, but Intel 
and AMD don’t manufacture 
processors at specific speeds. 
When you see 600MHz, 
700MHz, and 800MHz Intel 
processors that share exactly 
the same architecture, it's likely 
they are all really 800MHz 
processors, and that Intel artifi¬ 
cially capped the top speeds of 
the processors marked with the 
slower MHz ratings. There are 
several reasons for this. 
Sometimes the slower proces¬ 
sors fail when tested at maxi¬ 
mum speed but run fine at the 
lower speed, so they are 
hobbled for the sake of stability. 
At other times, manufacturers 
create artificial markets for their 
products by making fast proces¬ 
sors run at slower speeds; if 
that’s the case, you may be 
able to “overclock” the CPU 
to regain some or all of the 
lost MHz. 


Overclocking is not for the 
fainthearted. It involves chang¬ 
ing motherboard and BIOS 
(Basic Input/Output System) 
settings, and also requires that 
you properly cool the CPU. 
(Processors running faster 
than their rated speed gener¬ 
ate a lot of heat, and you have 
to find a way to get rid of that 
heat to keep the CPU stable.) 
Overclocking also voids your 
warranty, so don’t attempt it 
with a new processor unless 
you have deep pockets. 

We don’t have the space to 
give you detailed instructions 
on how to overclock, but plenty 
of Web sites exist that have reli¬ 
able information and links to 
vendors that sell cooling equip¬ 
ment. Try Tom’s Hardware 
(http://www.tomshardware 
.com), Sharky Extreme, and 
Anandtech for overclocking 
guides. Sites such as Extreme 
Overclocking (http;//www 
.extremeoverclocking.com) and 
The Heatsink Guide (http:// 
www.heatsinkguide.com) 
provide reviews of cooling 
solutions, n 
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A jumper block is a 
plastic cover that, in this 
example, can connect 
jumper pins 1-2,2-3, or 3-4. 


see how the chip is attached to 
the motherboard.. 

Slot-based processors generally 
use locking pins that are moved by 
manipulating a release mechanism. 
Socket-based processors usually 
have heat sinks that must be 
removed before you can access the 
CPU. Remove the screws or retain¬ 
ing mechanisms holding them in 
place, then move the retaining clip or 
lever holding the socket-based CPU 
in place. If removing any chip 
requires a lot of force, you aren't 
doing it properly; double-check the 
retaining mechanisms to make sure 
they're fully unlocked. 

Make a match. Once the processor 
is out, make any adjustments to the 
motherboard that are necessary to 
ensure compatibility with the replace¬ 
ment chip. Again, this procedure 
varies depending on the motherboard 
in question, but it usually involves flip¬ 
ping a few switches or moving jumper 
blo^. Jumper blocks are small pieces 
of plastic that slip over a pair of pins 
(jumpers) to close a connection. Some 
motherboards are advertised as 
"jumperless," meaning you can adjust 
all settings through the BIOS software 
when the computer boots. If you have 
one of these motherboards, consider 
yourself lucky—you won't have to 
make any physical changes to the 
motherboard to get it to work with 
your new processor. The things you 
need to worry about here are establish¬ 
ing the bus speed and setting the voltage. 

New motor. Now you're ready to install 
the replacement processor. If you had any 
trouble disconnecting fan cables when remov¬ 
ing the old processor, make sure you hook the 
fan up before installing the new processor or it 
will be even more difficult to plug in. Now is 
also the time to install any guide rails for a 
slot-based processor, if your PC isn't already 
outfitted with them. Guide rails help align the 
processor with the slot, and installation 
instructions are included with kits that 
include them. Align the processor with the 
slot or socket and press gently to seat it in its 
mounting. Simply press straight down on slot- 
based processors until you hear the click that 
indicates it's seated. Socket-based processors 
should basically settle in on their own. If you 
need to apply anything more than minimal 


force to get them to seat, the pins aren't 
aligned properly. Double-check to make sure 
the pins are aligned and that the processor 
is correctly seated. Then use the locking lever 
or other mechanism to secure the processor 
to the motherboard. 

If your processor came with thermal paste, 
this is the time to apply it. Use a thin, even 
coating and apply it only to the raised CPU 
core in the middle of the chip. Detailed 
instructions should have come with your 
processor or with the paste itself. With that 
done, use the supplied instructions to attach 
any heat sinks and cooling fans. 


POST pattern. Before putting 
the PC back together, make sure the 
monitor is turned on and boot the PC 
for a POST (power on self test). The 
POST screen should display the 
speed of your new processor, and the 
fans on the processor should be 
whirring away. If anything is awry, 
shut down the PC, check all connec¬ 
tions, and make certain the CPU is 
fully locked down in its adapter. 
When you've done that, or if every¬ 
thing checked out in the first place, 
access your BIOS. This usually is 
accomplished by pressing F2 during 
the POST, but the method can vary, 
so check your documentation. When 
you get into the BIOS, make any 
adjustments recommended by your 
PC or motherboard manufacturer 
and then save the changes. Reboot 
the system to see if the changes take 
effect. If they do, turn off the PC. 
Reattach any cables, reassemble any 
parts you had to remove to install 
the CPU, and then double-check each 
connection. It is very easy to unseat a 
hard drive or other ribbon cable 
enough that the attached periph¬ 
eral doesn't work but the cable 
still looks like it's attached 
to the motherboard. With 
that done, reboot your 
computer and enjoy the 
speed benefits of your 
new processor. 


■ Research, Research, 
Research. As a final bit of 
advice, we encourage you to 
fight the urge to be an early 
idopter, buying the latest and greatest 
PC without researching the new technology it 
incorporates. Generally the first version of 
any CPU has no upgrade path, and perhaps 
the best example of this is Intel's Pentium 4. 
The Pentium 4 is a robust processor designed 
to scale in speed for the next several years, 
perhaps topping lOGHz, eventually. But the 
people who bought PCs equipped with the 
early Pentium 4s may not be able to upgrade 
to the newer Pentium 4s slated to appear in 
the future. @ 


by Tracy Baker 
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Your Motherboard 

Know Its Ins & Outs Before Replacing It 


I f you've seen the financial news 
lately, you'll know the semicon¬ 
ductor industry is in the throes 
of a vicious slump. Intel and AMD 
are busy clubbing each other into 
submission with drastic price cuts 
on their newest processors. Memory 
manufactures are staring into the 
black abyss where prices for RAM 
have fallen and can't get up. While 
investors are wringing their hands, 
consumers are rubbing their hands 
together in glee. Never has so much 
computational power cost so little. 

Faced with the question of how to 
take advantage of all the computer 
power currently available, you have 
several choices. The easiest; Go to 
one of the established manufactur¬ 
ers and buy a completely new system. No mat¬ 
ter how much component prices have come 
down, however, it always seems as though 
getting the configuration you want, the one 
with the fast CPU and loaded with memory, 
ends up costing more than $1,000. 

An appealing alternative is to spend a few 
hundred dollars supercharging an older com¬ 
puter. Drop in a new motherboard with a 
new CPU and some fast memory, and your 
pokey old megahertz system can race along 
at gigahertz speeds. 

Sound's pretty good, eh? Well, not so fast, 
Tex. Upgrading your motherboard is akin to 
building your own system from scratch, only 
making use of parts you already have, such as 
the case, power supply, and disk drives. This is 
not a trivial operation, and risks are concomi¬ 
tant with the potential benefits. 

This article guides you through upgrading 
your motherboard. In it we identify the risks 
as well as many of the benefits of making this 
major system refit. Not only does it cover the 
risks and rewards of a motherboard upgrade, 
but it helps you shape your thinking and 
research, points out trade-offs and things to 
consider, and finally gives you a step-by-step 
guide for the upgrade. 

■ Get Technical. One caveat before we 
really get going: This is going to be a technical 



article. A motherboard upgrade is not for 
everyone. In fact, for many people, buying a 
computer is the better choice compared to 
building. The idea of some of our family mem¬ 
bers getting anywhere near the inside of a PC 
with a screwdriver would probably have most 
of us running for cover. On the other hand. 


many people are up to the task. If you're 
someone who likes building things, wants to 
know in great detail how a computer is put 
together, and has a strong interest in technical 
matters, this article is written for you. 

Although we strive to explain 
everything in basic terms, a moder¬ 
ately high degree of technical 
sophistication is called for. When 
you''re in the middle of the 
upgrade, you will have taken your 
old computer apart. You won't just 
be opening up the case and pop¬ 
ping in a new memory stick, you're 
likely extracting every major com¬ 
ponent. For some computer cases, 
this will include dismantling the 
drive cages inside the case. 

■ Improve Without An Up¬ 
grade. While you're pondering the 
technical requirements for perform¬ 
ing PC brain surgery, it's a good 
time to consider performance im¬ 
provements that don't require the 
all-or-nothing approach of a mother¬ 
board upgrade. There are many partial solutions 
that involve purchasing new hardware, for 
example, a faster CPU or more memory. Here 
are three possible ways te improve your sys¬ 
tem's performance without spending a dime. 

First, you can update the system's BIOS 
(Basic Input/Output System). The BIOS is a set 


Check Out Our Top Picks: 

Shopping For Motherboards 


Intel- 

; AOpen AX3S Pro 

; ASUS P4B(P4 Socket | 

Compatihle 

(Celeron/P III Socket 

j 478, SDRAM); | 


370, SDRAM); 

1 $199; http://www i 


$209; http://english 

1 .asus.com 1 


.aopen.com.tw 

i 1 

AMD- 

ECS (Elitegroup) 

Gigabyte GA-7DX 

Compatible 

K7S5A DDR; 

DDR; $123; | 

1 

$68; http://www 

http://www. gigabyte | 

1 

.ecsusa.com 

.com.tw i 


ASUS P4T Rambus 
(P4 Socket 423); 
$219; http://www 
.asus.com 


I $175; http://www 
.abit.com.tw 


Check with manutacturere for compatibility with specific processors, memory types, and cases. 
Mothertxtards listed are ATX variations for socketed processors. 

NVIDIA nForce motherboards for AMD not yet available at this writing, 

Motherboards based on VIA's KT266A AMD chipset are also scarce at press time. 
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If you're stuck with a computer that doesn't 
have a standard form factor (physical specifica¬ 
tions for computer cases and motherboards, for 
example AT, ATX, and microATX), you'll have 
to contact the manufacturer to find out what 
your motherboard upgrade options are. Expect 
any proprietary motherboard replacement to be 
significantly more expensive. We've seen piles 
of old Compaq Deskpro machines waiting to be 
given away for scrap because they were not 
built with a standard form factor and, thus, 
could not be economically upgraded. 

Be aware that replacing a motherboard 
requires research and planning. Computer 
manufacturers provide complete, integrated 
systems with everything working together. 
That's work you'll be adopting. Fortunately 
these days, most of the connections between 
different parts of the system (for example, the 
plug on the power supply and the receptacle 
on the motherboard that wants power) are 
well specified and standardized. 


The bundle of cables from the power supply connect to 
the motherboard through this 20-pin connection. 

that it's going to work. Name brand computer 
manufactures are notorious for building com¬ 
puters with proprietary designs that prohibit 
your ability to drop in a commodity mother¬ 
board. It turns out that clone manufacturers 
are more likely to build computers using 
established standards. 


■ Let The Planning Begin. Right off the 
bat, plan for your old computer to be gone. 
Take a conservative approach and assume 
that, once you begin the upgrade, your old 
computer is gone forever. Back up every¬ 
thing off of your old computer's hard 
drive that you might possibly want 
to keep. Test your backups. Most 
computer professionals can tell 
you stories about having 
backed up data without test¬ 
ing that it could be restored 
and later finding that the 
backup was corrupted. 

Come together. Getting all 
the hardware to work together 
requires some sleuthing. There are 
too many possible configurations to 
even begin to enumerate, but this para¬ 
graph covers the major connections. 

You might not have thought about it, 
but your new motherboard has to fit in 
your old case. If you're fortunate enough 
to have a case with a standard form fac¬ 
tor, you should be all set. Just make sure 
to get a matching motherboard form fac¬ 
tor. The locations for screwing the moth¬ 
erboard onto the case should be standardized. 

Inventory the peripherals (such as internal 
modem and network card) you plan to use in 
the new system. Make sure that the mother¬ 
board you choose has sufficient expansion 
slots of the correct type (AGP [Accelerated 
Graphics Port], PCI [Peripheral Component 


of permanent software routines built into your 
existing motherboard. While there isn't space 
here to provide details about upgrading your 
BIOS, reputable motherboard manufacturers 
should make the 
information available 
on their Web sites. 

Second, it is fre¬ 
quently possible to 
tweak your BIOS set¬ 
tings to increase your 
system performance. 

Often the default 
settings chosen are 
conservative. Good 
sources for BIOS in¬ 
formation on the Web 
include http://burks 
.bton.ac.uk/burks 
/pcinfo/hardware/bios_sg/bios_sg 
.htm and http://www6.toms hardware 
.com/howto/01q3/010725 /index.html. 

Third, you can update the drivers for 
your various peripherals. A driver is soft¬ 
ware that enables conununication between 
the OS (operating system) and a particular 
piece of hardware. NVIDIA (http://www 
.nvidia.com), for example, is known for 
releasing new drivers that significantly 
improve the performance of its existing 
video cards. 


should be more comfortable diagnosing and 
solving problems. Finally, there are also the 
intangible benefits of the pleasure of tinkering 
with your system and the satisfaction of hav¬ 
ing created a new sys¬ 
tem for yourself. 

■ Things To Con- 

There is, how¬ 
ever, no guarantee 


drive cables froiii 


There should be ribbon cables 
from the motherboard to the 
floppy, CD, and hard drives. 


j ■ Why Upgrade? If you 're dealing with 
a significantly older computer that's miles 
' behind current technology, even squeez- 
I ing out a 20% performance improvement 
I following the suggestions above will most 
likely leave you wanting. If this is the 

t ease, you should consider the benefits 
of an upgrade. 

When you successfully replace your 
motherboard, you essentially will have a 
brand new computer. CPUs and memory 
[ are so cheap that you can do this retrofit for 
a song. By replacing the motherboard, you 
can make sure that your new machine is 
' built to your exact specifications. If you buy 
i ■ a system, you frequently won't even know 
: which motherboard or eWpset it uses. 

[ Upgrading the motherboard will give 
■ you precise control over what components go 
■ into your system. You will acquire more 
understanding of your PC if you replace the 
motherboard, and this knowledge can be valu¬ 
able. Most PC repairs are accomplished by 
simply replacing components. You will have 
installed pretty much everything, so you 
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Interconnect], and ISA [Industry Standard 
Architecture]) for your peripherals. 

Program thoughts. Software requires plan¬ 
ning, too. Consider the OS. Do you still want to 
run your old OS on your new hardware? Many 
people want to upgrade their motherboard to 
be able to run the latest OS. Generally, the OS 
should run even after you replace the mother¬ 
board underneath it, but there is no guarantee. 
Microsoft's latest license enforcement mecha¬ 
nism, Windows Product Activation, is designed 
to prevent the OS from working if there is too 
much change to the underlying hardware. 

You should be prepared to install your OS 
from saatch, so have the installation meia avail¬ 
able. Also think about the software that you want 
to run on your new computer. Do you have the 
installation media for them? With your speedier 
system, can you upgrade to a later version? 

■ Make Choices. Now that 
you've considered the above items, 

•it's time for some additional 
research and lots of choices. 

Your engine. Start with the CPU 
you want to run, one made from 
AMD or Intel. Both companies make 
totally viable chips. Until the recent 
release of the 2.0GHz Pentium 4 
chips, AMD's Athlon led in perfor¬ 
mance, despite running at a slower 
clock rate. Many enthusiasts prefer 
Athlon-based systems, because they 
are typically paired with DDR- 
SDRAM (double-data-rate synchro¬ 
nous dynamic RAM), a fast, inex¬ 
pensive solution. 

Boarding. So do you buy a bare mother¬ 
board or one with a CPU? You might get a bet¬ 
ter deal buying separately, but you'll have to 
make sure the CPU fits into the housing on the 
motherboard. There has been unending chaos 
in the way CPUs fit into motherboards; moth¬ 
erboard types include Slot 1, Slot A, and 
Socket 370. Most people should take the sim¬ 
ple route: Buy a motherboard combo with a 
CPU, heat sink, and CPU fan already installed. 

Chipset. Once you've decided on the CPU, 
you need to decide which chipset provides the 
features and performance you want. A chipset 
is a group of ancillary motherboard components 
that connect the CPU to the other resources on 
the board. The other components include system 
memory, the graphics interface, and the main 
system bus. Your CPU and chipset decisions 
should determine the type and speed of memo¬ 
ry you need. For example, the latest Athlon 


chipsets from VIA (KT266A) and SiS (735A) will 
achieve maximum performance when teamed 
up with speedy DDR memory. 

Mother of them all. Once you've made 
these decisions, you finally need to choose a 
motherboard. Different manufactures incorpo¬ 
rate different features onto their motherboards 
using the same chipsets and CPUs. Pay the 
small premium and go with a known brand of 
motherboard manufacturer. Once you've 
selected a promising motherboard, go to its 
manufacturer's Web site and see if the compa¬ 
ny provides documentation and support. 
Make sure you can get BIOS updates from 
them over the Web and that you get a manual 
with the motherboard you purchase. 

■ Preparation. Now the hard part is almost 
done, and the fun, hands-on stuff is right 
around the corner. For any campaign, good 


organization is a key to success. Choose the 
location where you're going to do the actual 
upgrade. This upgrading process takes time. 
Don't choose the kitchen table, especially if 
you want to maintain good family relations. 
Find a place where you can work comfortably; 
you don't want to be rushed. 

Assemble whatever software installation 
media you need. Also, while you still have a 
computer, acquire the latest drivers for all the 
devices that you plan on putting into the new 
machine. Don't get caught in the catch-22 of 
needing to use the new computer to download 
some driver that you need to get your system 
up and running. 

Assemble the hardware you've researched 
and purchased and gather together the tools 
you're likely to need. These include small 
screwdrivers, a pen and tape for labeling, and 
some small containers for holding the many 
screws you're going to be juggling. 


Almost every systems administrator uses an 
BSD (electrostatic discharge) strap when work¬ 
ing inside a computer. This is a small clip that 
fits around the wrist and is grounded on the 
metal chassis of your computer. Its purpose is to 
prevent you from zapping the computer's sensi¬ 
tive chips with static electricity. An BSD strap is 
a good idea, but if you don't have one, be sure to 
ground yourself each time you reach inside your 
computer or handle an electronic component. 

■ Step By Step. First off, remove the power 1 
cord from the old computer and from the wall. 
This sharply reduces the probability that you 
will be killed during the upgrade. We can't do 
anything about the meteor heading toward 
your house, but we can save you from the 
power company. Unplug! 

Disassemble. Detach aU the other cables 
connected to the outside of the computer. If you 
don't know which ones go where, 
label them as you disconnect each. 
Open the computer's case and place 
the cover somewhere away from the 
work area. Many of the better cases 
don't require a saewdriver for this, 
but older ones typically do. If you 
have to resort to the screwdriver, be 
organized and put these screws 
together in a small container. 

Cards and cables. Remove each 
peripheral card seated in an expan¬ 
sion slot. This requires unscrewing a 
small screw at the metal flange 
above the card. Don't forget to peri¬ 
odically ground yourself; you don't | 
want to zap your expensive video adapter. Once 
you've unscrewed the screw above the flange, 
gently rock the card out by grasping the edge 
and the flange. Place each card in a safe location. 

Unplug the drive cables from their attach¬ 
ments to the motherboard. There should be 
"ribbon cables" running from the old mother- j 
board to the floppy, CD, and hard drives. ; 
Label these cables and remove them from the ' 
old motherboard. 

Remove the rest of the cables from the moth¬ 
erboard and label them as necessary. Before you 
start this step, take a second to inventory and 
fix in your mind what these cables connect. 
There should be a cable running from the 
power supply to the motherboard. This is how 
the motherboard is powered. Label this 
"Power" cable so you know which one it is. 
There are also likely to be cables from the paral¬ 
lel and serial ports requiring extraction from the 
motherboard. Finally, detach the wires from the 
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motherboard to the speaker, indicator 
lights, and reset button on the front panel. 

Take out the board. Remove the old moth¬ 
erboard. Up to this point, you've disconnected 
the motherboard from everything except its 
mounting attachments. Remove the attachment 
screws and put them in another container. 
Sometimes physically removing the mother¬ 
board can be a challenge. Some cases are made 
in such a way that you have to remove the drive 
cages to get access to the motherboard. 
Remember to be organized. Whatever you dis¬ 
assemble is going to require reassembly later, so 
keep things together, label, and make notes if 
you need to. Now that you have the old moth¬ 
erboard out, clean the case and take a break, 
i New fillings. If you bought a separate 
j motherboard and CPU, it's time for them to 
j become acquainted. Discharge all that electrici- 
' ty you generated while off taking a break by 
/ grounding yourself against the case. Make 
I sure the alignment of the CPU is correct and 
either slide it into the slot or drop it in the 
socket and clamp down the little lever. 

. Next plug the memory modules into the 
motherboard. They should be keyed so that 
they fit in only one direction. Insert them at an 
angle and then gently rotate them toward a 
vertical position until they snap into place. Be 
sure to check your motherboard's manual, but 
you almost always start filling memory from 
the lowest numbered slot. 

Go to your home. Your motherboard is 
ready to meet its case. Align and physically 
] attach this motherboard the'same way the old 
one was attached. Make sure that the connec¬ 
tors for the serial and parallel ports on the 
motherboard line up with the appropriate 
ports at the back of the case. Then attach the 
j board to the case. Simply tighten the screws 


into the risers or spacers where they came 
from when you extracted the old board. 
Once your new board is secure, reassem¬ 
ble the drive cages, if you had to dismantle 
them to get the old 
motherboard out. 

Connect the 
power supply to 
the new mother¬ 
board. Power sup¬ 
plies are standardized 
for the different mother¬ 
board form factors. Also con¬ 
nect the power supply to any 
fans on the motherboard that require 
a separate power connection. Don't run 
your computer without a fan if it's designed 
for one. That's a real short trip to disaster. 
Reconnect the wires connecting the speaker and 
front indicators and then reconnect the cables to 
the serial and parallel ports. 

A Frankenstein moment. You now have 
a functional, skeletal system. It's a good idea to 
test the most bare-bones setup to confirm that 
you have a working 
baseline. You'll need to 
install your video card 
and hook up a monitor 
to see what happens 
when you put voltage to 
your new creation. Insert 
the video card that you 
removed a good while 
ago and connect a moni¬ 
tor to the back of the 
video card. Now plug in 
the power cable and 
boot the machine. 

When the machine 
comes up, you'll likely 
need to configure the BIOS to set the time, if 
nothing else. A modem BIOS will be quite good 
at detecting almost everything in your system. 
But you should still check to make sure that it 
set the correct CPU speed. This is not the time to 
do your BIOS tweaks; you simply want to make 
sure you have a good, working motherboard. 
Now power the system back down. Again, 
remove the power cord from the socket and 
from the computer. 

Reconnect the cables from the drives to the 
drive interfaces on the motherboard. Check 
with the motherboard documentation to deter¬ 
mine where the different types of drives should 
be connected. Typically, the CD-ROM cable will 
be attached to the second IDE (Integrated Drive 
Electronics; a common interface between hard 


drives and their computers) connector and the 
hard drive cable to the first DE connector. 

Physically install any peripheral cards that 
you want to have in your new machine. Note 
that many motherboards come with built-in 
Ethernet networking. Unfortunately, you may 
still need to install your old network card if 
your case does not have ah external jack to 
connect to the onboard Ethernet. 

Power back up. Now your machine should 
be ready. Your drives are connected and you 
should flip the big switch. Most people will 
want to wait until they've confirmed the system 
is functioning before closing the case. It's entire¬ 
ly possible that your hardware will be function¬ 
al, but your OS will fail to work with the new 
configuration. If that happens, you should be 
ready to install an OS. In fact, because you've 
already written off your old computer, a fresh 
OS install probably isn't such a bad idea. 

Once you're up and running it would be a 
shame not to tune your BIOS. You should be 
feeling the wizard power by now. Check the 
resources mentioned above for good informa¬ 


Many good reviews of chipsets can be found on the Web at Tom’s 
Hardware (http://www.tomshardware.com). 


tion about how to wring more performance 
out of your iiew system by configuring your 
BIOS appropriately. 

■ It’s Alive! By now you should be basking 
in the glow of your new machine. Although a 
complete brain transplant for your PC requires 
research and planning, the actual physical 
upgrade can be achieved in an afternoon. 
Consider this investment recipe: combine one 
old computer, a good portion of research and 
planning, a few hundred dollars, and an after¬ 
noon of labor. The end result: a speedy new 
computer. Hey, perhaps this semiconductor 
slump isn't all bad. @ 

by C. Reid Turner 
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Video Cards 

High-Quality Cards Provide 
Speed & Sharper Colors 


D o you have an older com¬ 
puter that lacks oomph? 

Found yourself with a 
new game or other program that 
simply will not run on your sys¬ 
tem? Worried you will have to 
shell out a thousand bucks to 
keep up with technology? 

If the answer to any of these 
questions is yes, you are a prime 
candidate for an upgrade. Up¬ 
grading a computer is not as 
difficult as it sounds. Thanks to 
the Plug-and-Play aspects of 
Windows (which work better 
with every successive release), 
making alterations to your sys¬ 
tem rarely involves worrying 
about jumper switches and special settings. 

This is particularly true for video cards (also 
referred to as video adapters, display adapters, 
or video accelerators). Upgrading or replacing 
one of these usually involves nothing more 
than pulling a small circuit board (called a 
"card") out of a slot (connection point) in your 
computer and replacing it with another. 

The question with video cards is not, "Do I 
have the skill to perform the upgrade?" but 
rather, "Can (and should) I perform it?" 
Video cards enhance your computer's dis¬ 
play with a brilliant palette of colors, make it 
possible to run the fabulous new games, and 
enable you to purchase a larger, monitor (or 
perhaps one of those cool new flat-screen 
numbers). In some cases, they can even speed 
up your system. 

Video cards are not expensive, either. 
Although high-end cards can set you back 
more than $300, you can buy many state- 
of-the-art video cards for closer to $100. If 
you don't want screaming speed for 3-D 
games, you can easily find a video card for 
around $50. 

■ The question then becomes will a video 
upgrade accomplish the improvements I need, 
and if so, how much will I have to spend to get 
what I want? The answers depend on your 
current system, your current and future goals. 



and your budget. In this 

article, we will help you find those answers. 

■ Can You Upgrade? To find out if you can 
upgrade your card, and whether you will ben¬ 
efit, you need to know what type of card you 
currently have and what your other options 


are. Check your PC's documentation to deter¬ 
mine what card you currently have. 

You can also check this information in the 
System Informatitm (Windows 95 or later). 
From the Start menu, go to Programs, 
Accessories, System Tools, System Informa¬ 
tion, click Components, and Display. The 
PnP device ID should tell you which type of 
card you have. Note the Name, Adapter 
Ram, and Bits/Pixel, as well. These will be 
important in determining how much of an 
upgrade you need. 

As a third option, you can open 
the back of your computer (which 
you may need to do anyway) and 
look at your slot types. 

The majority of video cards in use 
today are VESA (Video Electronics 
Standards Association) local bus— 
VL-bus for short, PCI (Peripheral 
Component Interconnect), or AGP 
(Accelerated Graphics Port). ISA 
(Industry Standard Architecture) and 
EISA (Extended Industry Standard 
Architecture) are two earlier archi¬ 
tectures, but they are virtually 
nonexistent in today's computers. 

VESA. VL-bus is the oldest, and 
slowest, technology. If you have a 386 or 486 
model PC (built prior to 1993), you probably 
have this type of card. The chances of you 
finding a newer, better VL-bus card are pret¬ 
ty slim. Fortunately, your PC may also have a 
PCI slot. If so, you can upgrade and increase 


Check Out Our Top Picks: 

Shopping For Video Cards 


Less Than 

PNY Verto GeForce2 

SIIG Aurora AGP32 

$100 

MX-400; $99; 

GeForce2 MX; 


http://www.pny.com 

$99; http://www.siig 
.com 

$100 To ; 

AsusTekV7100MX; 

ATI ALL-IN-WONDER 

$250 1 

$150; http.7/www 

RADEON; $199.99; 


.asus.com 

http://www.ati.com 

$250 To 

ATI RADEON 8500; 

Hercules 3D Prophet III 

$500 

$299.99; http:// 

Titanium 500; 


www.ati.com 

$379; http://www 
.hercules.com 


VisionTek GeForce2 
MX; $99; 

http://www.visiontek 

.com 

Matrox G550; 

$125; http://www 
.matrox.com 

VisionTek GeForceS; 
$330; http://www 
.visiontek.com 


ATI AtL-IN-WONDER RADEON includes TV tuner and video capture 
VisionTek GeForceS and Hercules 3D Prophet III Titanium 500 have TV Output 
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the number of colors your monitor displays 
and/or its resolution (how much information 
fits on the screen). 

PCI. PCI was the de facto standard for 
video cards from 1993-1997, when it was sup¬ 
planted by AGP. If your computer was built 
after 1993, you probably have a PCI slot. If it 
came installed with Win95 or later, you almost 
.certainly have several. PCI is much faster than 
ISA, and it contains its own chip so the video 
card doesn't have to depend on the computer 
for processing functions. 

A handful of PCI cards are still being sold, 
and many computers were shipped with PCI 
cards that did not maximize the potential of 
the architecture. If you have a PCI 
bus, you can upgrade your video 
capabilities somewhat. You can 
also upgrade your motherboard to 
support AGP. 

Many AGP-ready computers are 
shipped with PCI cards installed 
' and an empty AGP port. If this is 
the case, you can upgrade io AGP. 

AGP. AGP is the current stan¬ 
dard for video cards. It is a dedicated 
bus, or port, that is faster than either 
PCI or ISA. It has the capability of 
sharing the computer's memory (in 
addition to its own onboard memo¬ 
ry) that puts much more rendering 
power at its disposal. 

If your computer was built after 
1997, you probably have AGP 
capabilities. However, some early, low-end, 
AGP-compatible computers had the cards 
hard-wired (permanently attached) to the 
motherboard, which means you cannot 
upgrade the card. One of the more recent PCI 
cards, such as the ATI ALL-IN-WONDER, 
may be better than the older AGP you have; 
check for an available PCI slot. 

■ Should You Upgrade? Those who 
upgrade their video cards generally do so for 
one of three reasons: to achieve better perfor¬ 
mance with games, to obtain better quality/ 
color from their monitors (or to enable the use 
of a larger monitor), or to add features, such as 
video in and out for a VCR or television feed. 
Refer to the categories that fit you to determine 
if you should make the switch. 

Keep in mind that upgrading your video 
card may also improve overall system perfor¬ 
mance, because it may shift some of the pro¬ 
cessing and memory load from your PC to 
the card itself. In addition, AGP cards 


remove the video load from the PCI bus, 
which makes other PCI add-ons (such as 
Ethernet cards and parallel ports used for 
printers) work more efficiently. 

Gaming. Do you find that 2-D games nm 
slowly on your computer and 3-D games run 
poorly, if at all? If so, you are a prime candi¬ 
date for a video upgrade. 

If 2-D games and other programs run 
beautifully but 3-D games run slowly, you 
may be able to increase your performance, 
depending on your system. However, if you 
have an older system (Pentium or earlier), a 
new .video card will not overcome the lack of 
processing power inherent with your system. 



Pface Hie new card 
into the oM card’s slot or 
into another slot you have 
identified as matching the card type. Press 
flimly, hut gently, rocking the card if 
necessary, to seat it firmly in place. 

A major system overhaul (or a new PC) is 
in order. 

Monitor quality/type. If you only want 
to improve the color, quality, number of col¬ 
ors, or resolution your monitor displays, you 
should first check to see if your existing card is 
being used to its full potential. From the Start 
menu, choose Settings and Control Panel. 
Double-click Display and click the Settings tab. 
The Colors drop-down list displays your 
options regarding color; 16.7 million, or 32 bit, 
are the highest settings for color. 

On the right is a slider bar that lets you 
adjust your resolution. Slide it to the right to 
increase the resolution. Your available reso¬ 
lution will decrease each time you increase 


the number of colors. See if you can achieve 
the resolution and color depth you want. If 
not, you should definitely consider upgrad¬ 
ing your card. 

If both the resolution and color settings 
seem adequate, and you are searching for color 
accuracy, you may need color management 
software rather than a video card upgrade. If 
you are hoping to make your screen display 
"easier on the eyes," consider purchasing a 
new monitor. Such monitor issues as a fast 
refresh rate (which reduces flicker) and dot 
pitch (which affects the sharpness of the 
display) have a marked effect on the quality of 
the images you view. 

If you are considering a larger monitor, you 
may also need an upgrade. A larger display 
means more pbcels of color to process, which 
takes more memory. Anything less than SMB 
will not perform well with a large-screen 
(more than 17-inch) monitor. 

Those who want to buy flat-screen monitors 
must also consider the analog-versus- 
digital issue. Refer to the section 
"Choose a Video Card" for more 
information on this topic. 
Adding features. In the 
early days of video cards, 
the cards provided color 
and resolution but little 
more. Today, many offer 
additional multimedia fea¬ 
tures from TV tuners to video 
capture capabilities. These fea¬ 
tures are also available with spe¬ 
cialized cards and even with external 
peripherals (meaning you won't need to 
open your system to install them). If you are 
happy with your existing video quality and 
only want to expand your computer's video 
capabilities, it may be less expensive to pur¬ 
chase one of these products. If you want better 
performance and features, however, a replace¬ 
ment video card is the way to go. 

■ Upgrade. Before you start counting the 
pennies in your piggy bank, find out what 
your system can handle. You may have 
already discovered what your current card is, 
but your system may have hidden potential. 
To investigate the situation (or to identify your 
video card in the first place), shut down your 
computer and unplug it and its components. 

Take apart. Disconnect the monitor and all 
other components from the back and place the 
computer in a well-lit area. Remove the case by 
unscrewing it (save all the screws in a safe 
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place). Touch something metal before you 
touch any of your system's components and 
again if you leave the room and return or walk 
around much. This discharges the naturally 
occurring static in your body that can fry your 
system's circuit boards. 

Location. If you have never looked for a 
PC card before, search for the place where 
several plastic cards with circuitry are inserted 
into shallow (about a half-inch high) holders 
attached to the motherboard. Locate the circuit 
board that has a monitor port. This is a small 
connector wifli 15pins andyour current video 
card and connection. See if you can determine 
to which type of slot it is connected. 

VL-bus slots are long (about 5 inches), usu¬ 
ally black, and have two sections. The first 
section (closest to the outside of the PC) is 
longer than the second. 

PCI slots are shorter (about 3.5 inches) and 
are often white or cream colored. They have 
two sections, the first of which is much longer 
(about 3 inches) than the other one. 

AGP slots are slightly shorter than PCI slots 
and are usually grayish-brown. They have two 
sections that are closer to equal in length than 
those of PCI. 

If you cannot tell the difference between PCI 
and AGP slots, remove the screw that holds 
the video card in place. Then remove the card, 
holding it by the edges and gently pulling 
upward, rocking the card back and forth if 
necessary. AGP slots have four tabs, and PCI 
cards have only three. 

Now, look for other empty slots. Slots that 
are already in use cannot be used for video 
without reconfiguring your system. When you 
are finished, replace the cover gently, return 


your computer to its normal position, recon¬ 
nect your peripherals, and plug in the comput¬ 
er and all peripherals. You can now use your 
computer as before. You don't need to screw 
the case in place if you plan to perform the 
upgrade in the next week or so. 

■ Choose A Video Card. There are several 
core components of a video card that you 


•/. v 



This figure shows the different ports you may 
find on the video card. 


should evaluate, plus a number of add-on 
features you may want. Each of these consider¬ 
ations is important, because the speed and 
value of a card is the sum total of all its compo¬ 
nents, not any single one. 

Bits per pixel. The color quality and range 
of a display is measured in bits per pixel. 
Many older cards and programs are 16-bit, 
which supports only 64,000 colors. Newer .: 
cards are 32-bits per pixel, which means they 
support "true" color, 16.7 million colors. All of 
today's high-end games, and most new pro¬ 
grams, work best with 32-bit cards. 

If your card is 16-bit, you should definitely 
upgrade. Gamers must have that 32-bit quali¬ 
ty. Check the notes you made from your 
system information to see what bit-rate your 
current card supports. 

Bandwidth. The bandwidth, or through¬ 
put of the card, is the speed at which data 
flows between video card, PC, and monitor. 
PCI cards transfer 132MB of data per second. 
AGP cards transfer data at a rate between 
264MB and 1056MB per second. Both technolo¬ 
gies transfer data in 32-bit increments, but the 
transfers take place more rapidly with AGP 
than PCI. AGP can also transfer more than one 
dataset per cycle, which is how it achieves the 
highest throughput figures. To differentiate 
between the various speeds, AGP cards are 
rated as lx, 2x, or 4x, with 4x being the fastest. 

All PCI cards transfer data at the same rate, 
so bandwidth is not an issue. If you are buying 
an AGP card, however, and there is a band¬ 
width rating, remember that 4x is the fastest, 
lx the slowest. Make sure your PC supports 
the version you purchase. 

Processor. Both PCI and AGP cards have 
on-board processors (also referred to as a 
chipsets) that perform much, if not all, of the 
work formerly handled by the CPU. Some i 
high-end cards have co-processors that enable 
the card to perform all the graphics functions, 
completely freeing the PC's CPU. Most 
midrange to low-end cards have accelerators 
that enable the card to assist the CPU, but not 
to do all the work. 

Processors are generally measured in bits, 
such as a 128-bit chip, but many manufacturers 
do not reference chip speed at all. Knowing the 
leading names in video card processors (which 
all have fast processors) is more important 
than evaluating the actual speed. 

The hot name in 3-D applications right now 
is NVIDIA'S GEForce3 (http://www.nvidia 
.com), the latest incarnation of the original and 
groundbreaking Voodoo 3Dfx chipset. These 
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are used on a variety of high-end cards. The 
other contenders are the GEForce2 (an earlier, 
less-robust offering), the Matrox G450 and 
G550 (http://www.matrox.com), and ATI 
Technologies' RADEON chip (http://www 
.ati.com). All three of these are found on value- 
priced cards, but users generally rate the 
RADEON the best value for the money. 

The speed of a processor has significant 
bearing on its ability to render 3-D images. 
Gamers will want the best processor they can 
afford; GEForceS is the top contender. For the 
average user or light gamer, RADEON may 
offer a better value. These processors are 
found on both PCI and AGP cards. . 

Memory. As with your PC, memory lets 
your video card load more information into a 
temporary storage cache, which makes it work 
more efficiently. A large amount of memory 
also enables a card to render larger images (for 
larger monitors). Most video cards today come 
with at least SMB of memory. Cards suitable 
for 3-D require at least 32MB; some higher-end 
cards have 128MB. 

Memory is divided into two types: DDR 
(double-data rate) and SDR (single-data rate). 
DDR memory can perform two data opera¬ 
tions in one clock cycle, making it twice as effi¬ 
cient as SDR. It is also more expensive. 

Memory is one of the most important compo¬ 
nents of your video card. If you are upgrad¬ 
ing, choose a card with at least 
32^ of memory, more for serious 
gamers. DDR memory is better 
than SDR, but costs more, as well. 

Bells and whistles. These are 
the add-ons that a home user might 
want that provide such features as a 
TV tuner, digital VCR, video cap¬ 
ture (such as feed from a digital 
camera), video editing, and video 
output to a television or VCR. Some 
video cards support the use of two 
monitors, or a monitor and a televi¬ 
sion, at the same time. 

Some cards also support digital 
output, which makes them suitable 
for the latest digital, flat-screen 
monitors. Standard monitors are 
analog, but computers are digital. 

Historically, one of the jobs of a video card 
has been to convert the digital signal from the 
PC, simulating the feed for display on an ana¬ 
log monitor. With a digital monitor and video 
card, no conversions are required between the 
PC and the monitor. The picture quality and 
clarity obtainable with a digital-to-digital feed 


ATI makes one of the few PCI cards still sold today. It 
offers excellent 2-D quality, basic 3-D capabilities, and a 
wealth of add-on multimedia features. 


great quality and extensive functionality. Plan to 
pay more than $100 for a card that will provide 
decent quality for 3-D games and give you these 
additional features. All is currently the leader in 
providing combo cards with extensive features. 

■ Install The Card. Before installation, refer 
to the documentation that came with your 


■ More Power. Upgrading your 
video card is an easy and relatively 
inexpensive way to gain performance, 
improve the quality of your screen 
display, and expand the features of 
your computer. The trick lies in decid¬ 
ing which features are most important, and 
accepting that quality, low-price, and exten¬ 
sive functionality are impossible to achieve at 
the same time, fls] 

by Jmnifer Farwell 


are better than those obtained from the com¬ 
parable digital-to-analog feed. Some digital 
monitors support both analog and digital 
feed, but the quality in analog mode will be 
inferior to that of digital. 

As with any other electronic component, 
bells and whistles add to the price. Beware 
the low-priced card that 
promises 


video card. Some cards require you to install 
software before you install the card. 

With your computer open, remove the 
screw holding your video card in place and, 
holding it only by the edges, unseat the card 
gently by rocking it back and forth with an 
upward motion. Place the new card 
into the existing slot or into another 
slot you have identified as matching 
the card type. Press firmly, but gen¬ 
tly, rocking the card if necessary, to 
seat it firmly in place. Replace the 
screw holding the card in. Replace 
and tighten the screws that hold the 
case in position. Return your com¬ 
puter to its normal position and 
reconnect all your peripheral compo¬ 
nents. Plug in your computer and 
start it up. Windows should detect 
the new card and prompt you to 
install any necessary drivers. 
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Power Supply 

Don’t Forget The Juice 
When Making Modifications 


V ery few of us think about 
our computer's power sup¬ 
ply. However, it is a com¬ 
ponent that can cause irreparable 
damage when ignored. When 
your power supply is not func¬ 
tioning at all, it's obvious—your 
computer simply won't power up. 

However, a low-quality or overly 
taxed power supply is more prob¬ 
lematic. The computer appears to 
function, but it may experience a 
variety of problems ranging from 
data loss and corruption to bad 
sectors on the hard drive. . 

■ What It Does. Understanding 
the importance of a sufficient 
power supply begins with recog¬ 
nizing its role. When you plug in your comput¬ 
er, the AC (alternating current) coming from the 
wall goes through the power cord to the power 
supply in the back of your computer. The power 
supply converts the 115-volt AC to the DC 
(direct current) your computer needs. Then, 
through wires and connectors, the power supply 
distributes the appropriate levels of DC voltage 
to the internal components of your computer. 

Another function of the power supply is to 
keep your computer cool. Because some of the 
electricity powering your computer is convert¬ 
ed to heat as the current flows through the 
wires and internal components, the power 
supply includes a fan. A malfunctioning fan 
can cause your computer to overheat and stop 
working, because the fan is at the heart of your 
computer's cooling system. 

■ New Power Supply. If you're considering 
upgrading your processor or installing a new, 
high-powered component, confirm that your 
computer's power supply is strong enough to 
handle the demand. Newer process(WS, such as 
the Intel Pentium 4, are especially demanding 
and may require a beefier power supply than 
what you have. Another time to upgrade or 
replace your power supply is when it shows 
signs of overload. Symptoms include a noisy or 
malfunctioning fan, a "hot" smell, random 


rebooting, system crashes, intermittent software 
problems, or the inability to power up. 

What's the watts? A power supply's output 
is expressed in total watts, such as 200W or 


250W. A higher the wattage means a greater 
capacity to supply power. The total wattage is 
the highest level of avaQable output; the com¬ 
puter uses only the number of watts that it 
actually needs to function. 

Examine your computer's specifications to 
determine the current output rating in watts. If 
you can't find the specifications, check 
the support area of die computer manu¬ 
facturer's Web site. Additionally, some 
power supplies include the rating on an 
attached label. If the label is not visible 
from the back of your computer, remove 
your computer's case and examine the 
exterior of the power supply itself. 

For most desktop and tower comput¬ 
ers (not servers), a 300W or 350W sup¬ 
ply should be more than sufficient. 
Power supplies at or close to this level 
can handle routine upgrades within the 
norms of personal and business use. If 
your power supply is below this level, 
replace it with a more powerful unit. 

■ Where To Find One. If you need a 
new power supply, know what you 
need to buy. Look for a number of key 
features and expect to pay between $80 and $150 
for a quality power supply. 

Watts and form factor. One of those key 
features is its total wattage. Because the price 


Check Out Our Top Picks: 

Shopping For Power Supplies 


Less Than 

ellipse 300 (USB); j 

Minuteman MBK520VA; 

$150 i 

$119; 1 

$135; 


http://www.mgeups.com 

http://www.minute i 

manups.com 1 

$150 To 

650VA Reguiator Pro 

Back-UPS Pro USB I 

$200 

Goid Series-USB; 

(350VA); j 


$179.95; 

$149.99; 


http://www.beikin.com 

http://www.apcc.com 

$200To 1 

Back-UPS (650VA); 

120V Patriot Pro ii; 

$300 

$299.99; 

$289; 1 


http://www.apcc.com 

http://www.bestpower j 
.com 1 


350VA Regulator Pro 
Gold Series-USB; 
$99.95; 

http://www.belkin.com 

Back-UPS (420VA); 
$199.99; 

http://www.apcc.com 


http://www.mgeups 

.com 


Belkin 350VA comes with $50,000 equipment and data recovery warranty. 
Belkin 650VA comes with unlimited dollar connected equipment warranty. 
Minuteman comes with $30,000 protected equipment warranty. 

ARC Back-UPS's have $25,000 lifetime equipment protection policy. 


76 PC Upgrades / Learning Series 















Memorjj^&^Proces^^ 


I 




' 

The power supply is 
normally at the back of the 
computer and enclosed in a 
metal case. 


Locate the bundle 
of colored wires that 
run from the power supply 
and branch off to various 
internal components. 

difference between a 300W and 350W power 
supply is minimal, we recommend going with 
the 3MW output. That way, you're sure to have 
enough juice for future upgrades. 

You also need to find out the shape and size 
of your power supply, which is called the form 
factor. Because computer cases and mother¬ 
boards vary in shape and size, power supphes 
also vary in shape and size. The two most 
common form factors for power supplies are 
the AT and ATX. If your computer was manu¬ 
factured between 1984 and 1995, it probably 
uses an AT form factor. However, many popu¬ 
lar computers use a proprietary design for 
cases and motherboards, requiring the power 
supply to also use a proprietary design. 

Look at your computer's specifications to 
find its power supply's form factor. If the 


specifications do not include this informa¬ 
tion, contact the computer manufacturer and 
request information about the power sup¬ 
ply's form factor. Also ask if it uses a stan¬ 
dard or proprietary design. 

Shop around. If your power supply 
uses a standard form factor, you can 
shop around for a new power sup¬ 
ply. Some power supply manu¬ 
facturers include PC Power 
and Cooling (http://www 
.pcpowercooling.com), 
Topower Computer (http:// 
www.topower.com), JDR 
Computer Products (http:// 
www.jdr.com), and Power-On 
(http://www.power-on.com). You 
can also search for manufacturers 
based on form factor at http://www 
.formfactors.org/searchcategories.asp. If 
you need an AMD-approved power supply 
for Athlon processors, check http:// 
wwwl.amd.com/athlon/power for a list of 
approved vendors and models. 

If your computer uses a proprietary 
design for the power supply, you 
probably need to get the new 
power supply directly from the 
computer maker. Nonetheless, 
it doesn't hurt to check with 
third-party suppliers, espe¬ 
cially if your computer is a 
popular brand. 

Compare important fea¬ 
tures. When it comes to a new 
power supply, don't skimp on fea¬ 
tures. Carefully review the specifications, 
compare products, and look for the following: 
• A fan with ball bearings. Also, look for the 
highest cubic feet per minute (CFM; the 
amotmt of air the fan moves). 

• The correct number of drive connectors for 
current needs and future expansion. These 
connectors run internally from the power 
supply to various components, such as the 
floppy and CD-ROM drives. The floppy 
drive uses a small miniplug, while other dri¬ 
ves and devices generally use a larger con¬ 
nector. The specifications should state the 
number of both types of drive connectors. 

• A higher efficiency rating. A rating of 65% 
means 35% of the power is lost as heat, 
thereby wasting energy and making it hard¬ 
er to cool your system. 

• A hold time compatible with a UPS (unin¬ 
terruptible power supply; a backup power 
supply powered by batteries), if you're 


using a UPS unit. The hold time is the 
amount of time in milliseconds that the 
power supply remains operational after a 
power loss. 

• A low noise level, normally measured in 
decibels (dBs). The fan produces most of the 
noise from the power supply. Look for a unit 
that advertises a "noiseless" or "silencer" 
feature or has a lower decibel level. 

• A good warranty. Be sure to review the terms 
in addition to the length of the warranty. 

• Safety certification by a recognized agency, 
such as UL (Underwriters Laboratories), 
CSA (CSA International, a Canadian 
agency), or one of the European agencies 
(NEMKO,TUV,VDE,orCE). 

Verify the true power output. Unfor- 
hmately, manufacturers don't always tell you 
the whole story about the true output of their 
power supplies. For example, a 300W power 
supply may only have an actual maximum 
output of 285W. 

To verify the maximum output, look in the 
"output," "0/P," or "DC" section of the prod¬ 
uct specifications. It should list voltage (V) lev¬ 
els, such as 3.3V, 5V, and -12V. The section 
should also include the maximum current in 
amps (A) for each voltage level. For example, 
an ATX 300W power supply might have the 
voltages and maximum current as shown in 
the table that is on the next page. 

To find the maximum output at each volt¬ 
age level, multiply the volts by the amps, treat¬ 
ing negative voltages as positive numbers. In 
our example, the result is in the Maximum 
Output in Watts column. Additionally, if you 
are looking for an ATX-style power supply, 
the specifications should also list a combined 
3.3V/5V limit, such as 150W as shovm in the 
last row of the example. This limit means that 
the combined watts at the 3.3V and 5V levels 
cannot exceed 150W. 

After you multiply each voltage by the 
amps, add up all of the output levels. If the 
power supply is an ATX-style, omit the indi¬ 
vidual 3.3V and 5V levels and instead add the 
combined maximum watts. The grand total 
should be equal to or greater than the overall 
power rating. The total for our example is 150 
(for the 3.3V/5V combination) + 144 + 1.5 + 12 
+ 10 = 317.5W; this power supply meets its 
300W maximum output rating. 

■ Remove & Install A Power Supply. 

The process is simply a matter of disconnect¬ 
ing your old supply, removing it, placing the 
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new power supply in your computer, and 
reconnecting it. 

Preparations and supplies. Before you 
start, collect the following items: 

• Phillips and flat-head screwdrivers. 

• Paper and pencil for making notes. 

• Your computer's users guide for instruc¬ 
tions about removing the case. If you can't 
find your documentation, check the support 
area of the manufacturer's Web site. 

• Masking tape for labeling cords and connec¬ 
tions. 

• If you suspect your existing fan or the interi¬ 
or of the computer is dusty, a vacuum with 
a small attachment. 

Important safety information. Be sure 
to follow these instructions in the order given 
to prevent personal injury or shock. Also, 
never open or attempt to repair a power sup¬ 
ply. the internal parts can retain electricity, 
even when the power supply is disconnected 
from the computer and electrical outlets. 

■ Replace The Power Supply. Turn off 
your computer and all peripherals attached 
to it, including the monitor, speakers, 
modem, printer, and scanner. Ground your¬ 
self by touching a metal surface at the back of 
the computer. 


Volts Maximum Current in Amps 

Maximum Output in Watts 
(Total Volts X Amps) 

3.3V 

14A 

46.2W 

5V 

30A 

150W 

12V 

12A 

144W 

-5V 

.3A 

1.5W 

-12V 

1A 

12W 

5Vsb(standby) 

2A 

low 

3.3/5V (combined) 

NA 

(150W) 


Disconnect the AC power cord from the 
back of your computer and press the power 
button to ground the motherboard. Disconnect 
all peripherals from their electrical outlets and 
disconnect any telephone or telecommunica¬ 
tion lines from the computer. Disconnect all 
peripherals from the back of the computer. 

Most newer computers use color-coded con¬ 
nections. However, if your computer does not 
or you're not certain you will remember the 
connections, label the cords with masking tape. 
If your current power supply fan is covered 
with dust, vacuum it. Remove your computer's 
exterior case according to the manufacturer's 
instructions, and ground yourself again. 


Unplug. Locate your computer's power 
supply. The power supply is normally at the 
back of the computer and enclosed in a metal 
case.. Examine your new power supply and 
verify that it looks similar in size and configu¬ 
ration to the old power supply. As you pro¬ 
ceed, make notes and/or sketches so you 
know how to connect the wires from the new 
power supply to the various internal compo¬ 
nents of your computer. (NOTE: Do not place 
tape on the internal wiring.) 

Locate the bundle of colored wires that run 
from the power supply and branch off to var¬ 
ious internal components. Follow the wires 
that connect to the motherboard. If you have 
an ATX-style motherboard, you will normal¬ 
ly find a single 20-pin connection. Some ATX 
models also include a smaller auxiliary 
power connection. Older AT-style power 
supplies usually have two 6-pin connections 
to the motherboard, labeled P8 and P9. Note 
that the two black wires go next to each other 
in the center. 

To disconnect the cables, do not grasp or 
yank the wires. Instead, grasp the white plastic 
connector. If the connector uses a clip, push 
the clip in while grasping the white plastic 
connector. You may need to wiggle the con¬ 
nector with gentle force as you pull. 

Follow the wires that run from the power 
supply to the 
various drives 
and disconnect 
them by grasp¬ 
ing the connec¬ 
tor. Note that 
floppy drives 
typically use a 
smaller mini¬ 
plug, while other 
drives use a larg¬ 
er connector. 

If your power supply connects to a power 
switch, disconnect the switch. If the supply 
is mounted with a large bracket inside of the 
computer, remove its screws and the bracket. 
Remove the mounting screws on the back of 
the power supply. The mounting screws sur¬ 
round the perimeter of the power supply on 
the back of the computer. (However, do not 
remove the screws near the fan or the AC 
power cord receptacle.) 

Replace. Carefully lift the old power sup¬ 
ply out of your computer. If the new power 
supply has an exterior voltage switch, make 
sure it is set to 115V for computers used in the 
United States. Reconnect the screws and cables. 


reversing the order that you used to disconnect 
them. Double-check to make sure you have all 
connections in place and that the power supply 
is firmly mounted. Replace the case. 

Try it out. Reconnect the mouse, keyboard, 
and monitor, and plug your computer in. 
Power up your monitor and computer. You 
should hear the hard drive spinning, and your 
CD drive, floppy disk drive, and other compo¬ 
nents connected to the power supply should 
also have power. 

If a component doesn't work or your com¬ 
puter does not turn on, power down the PC 
and remove the case. Next, check all cormec- 
tions to be sure they are firmly in place. 
Replace the case, reconnect the power supply 
cord, and press the power switch. If you con¬ 
tinue to have problems, contact the power 
supply manufacturer. | 

Assuming your power supply is function- ! 
ing, turn off your computer and disconnect the ; 
AC power cord from the electrical source, i 
Reconnect all of the remaining peripherals to : 
the back of the computer and to their electrical 
sources, as applicable. Reconnect the AC 
power cord to the electrical source and switch 
on your newly energized system. 

■ Care Ups. Now that you know the impor¬ 
tance of your computer's power supply, you 
also know it is important to keep it in good 
working order. Below are some tips that will 
help do that: 

• Make sure the fan is functioning and is 
free of dust. If dust buildup occurs, vacu¬ 
um the fan. 

• If possible, locate your PC in a relatively 
dust-free, cool, humidity-free room. 

• Cover unused expansion slots at the back of | 
the computer. 

• Give your computer room to breathe. If i 
intakes or fans are blocked, the computer ’ 
can overheat. 

• Use good quality surge protectors for your 
computer and peripherals. 

• Unplug your computer, its peripherals, 
and telecommunications lines during elec¬ 
trical storms. 

Take the time to evaluate and care for your 
computer's power supply—you'll be glad you 
didn't take it for granted. @ 

by Carmen Carmack 
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Our Take On 
Telecommunications 

We Examine Home Networking 
& Broadband Internet Options 


O ne of the most important func¬ 
tions of computing is moving 
data from point A to point B, 
whether it's across the room or 
across the Internet. Once upon a 
time, this was accomplished with a diskette 
and a pair of sneakers or a very slow, very 
expensive modem that would dribble 
information through a phone line like a 
leaky garden hose. Today we have 
much better tools with which to send 
and receive information. 

In this section, we'll tell you about 
the latest technologies for sending and 
receiving data across the room and 
across the world. We'll describe the 
options for creating a home network, 
getting broadband Internet access, and 
protecting your PC. We'll describe how 
you can benefit from these products 
and tell you whether buying and 
installing them is a good investment. 

■ Home Networking. The term 
"network" conjures up images of a vast, 
tangled system of wires and computers 
running rampant throughout the skele¬ 
ton of an office building and being 
attended to by a fleet of administrators and 
technicians. Home networks are less compli¬ 
cated, of course, so you won't need to place a 
Help Wanted ad for a home IT manager. 
Interest in home networking is rising dramati¬ 
cally as home users buy a second or third PC 
and opt for a broadband Internet connection. 
Also, new home networking technologies have 
emerged that make setting up and maintaining 
a home network almost effortless. 

According to Ethan Cohen, the research 
director of Aberdeen Group's Energy and 
Communications and Home Networking 
Practice, the greatest advantage of a home net¬ 
work is the ability to share peripherals. "It's 
expanding the basic functionality of the PC 


without having to purchase multiple peripher¬ 
als or devices," he says. You can connect 
several PCs in a home network to a single 
printer or scanner, for example. 

Another reason to set up a home network is to 
share Internet access. This is especially useful if 
you have a broadband Internet connection such 


as DSL (Digital Subscriber Line) or cable, but 
a user with a dial-up Internet connection can 
also use a home network to share it. Cohen 
says most home users who set up a home 
network do so primarily to share a fast 
Internet connection. 

A third reason to set up a home network is 
to share files and other data among the PCs 
on the network. Cohen says file sharing isn't 
a very compelling reason to set up a home 
network for most home users, but SOHO 
(small office/home office) users or power 
users who frequently need to share data over 
a local-area network like using home net¬ 
working kits for this purpose. 


Setting up a home network today is easier 
than ever, thanks to the emergence of several 
new technologies. Cohen says an Ethernet home 
network is still the method of choice for most 
home users, but you can also set up a home net¬ 
work simply by plugging your PC into a phone 
jack, a power outlet, or by using a wireless base 
station. Networking products that use phone 
lines are called HPNA (Home Phoneline 
Network Alliance) devices, while network¬ 
ing products that use your home's power 
outlets are called HomePlug devices. 
Today's wireless home networks use a 
standard called 802.11b (also known as Wi¬ 
Fi), although a newer version of 
this standard is right around the 
comer (called, ironically enough, 
802.11a). All four technologies 
require a special PCI (Peripheral 
Component Interconnect) net¬ 
working card that plugs into an 
open slot inside your PC. Generally, the 
card is referred to as a NIC (network 
interface card). 

Ethernet has been around much 
longer than HPNA, HomePlug, or 
802.11b. To set up an Ethernet network, 
you'll need an Ethernet hub and Ethernet cables 
to connect your PCs and peripherals to the hub. 
The hub is the central intersection in the net¬ 
work through which all data passes as it moves 
from one networked device to another. Ethernet 
networks can transfer data at up to 1,000 
megabits per second (called Gigabit Ethernet), 
but home networking Ethernet products typi¬ 
cally transfer data at a more sedate 10Mbps. 

Hubs typically have four or five ports and 
are fairly inexpensive, usually between $30 
and $50. An Ethernet network uses Category 5 
(or Cat-5) cable to connect the PCs, peripher¬ 
als, and hubs to each other. The cable doesn't 
cost much, usually less than a dollar per foot. 
Of course, if you have to run cables through¬ 
out your house to create a home network, the 
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cost of the cables can get out of hand. 
Furthermore, you'll either have to rip up 
your carpet or crack open the walls of 
your house to hide the cables, or you'll 
have to leave them out in the open. This 
cable conundrum is perhaps the greatest 
drawback of an Ethernet home network. 

HPNA home networks are a good 
alternative to Ethernet home networks. 

Like Ethernet, the latest HPNA devices 
can transfer data at up to 10Mbps. Unlike 
Ethernet networks, though, your house 
won't be overrun with cables if you set up 
an HPNA network. An HPNA network 
uses the phone lines already installed in 
your home, and almost all homes have at 
least one or two phone jacks. Simply plug an 
HPNA networking card into your PC, and 
connect your PC to a nearby phone jack. The 
HPNA network will not interfere with your 
telephone service. Your PC will seek out other 
devices connected to the phone lines within 
your home. Many companies offer HPNA net¬ 
working kits for about $150. You can also buy 
individual HPNA PCI cards for your computer 
for approximately $50. 


HomePlug is an emerging home networking 
option. It hasn't garnered as much attention as 
the other three home networking technologies 
we've mentioned because HomePlug products 
have yet to appear on store shelves. The 
advantage of HomePlug is that it uses a net¬ 
work that's already available in nearly 100% of 
the homes in North America—-power lines. 
And even rooms without telephone jacks gen¬ 
erally have electrical outlets. Virtually every 


home in North America has electricity, 
and a HomePlug network transfers data 
through the home's existing electrical 
lines. A HomePlug network can transfer 
data at speeds up to 14Mbps, so it's a 
little faster than Ethernet and HPNA 
home networks. 

But the home networking option that's 
creating the most buzz these days, 
according to Cohen, is wireless network¬ 
ing. Some Wi-Fi products can transfer 
data up to 20Mbps, although 11Mbps is 
more common. A wireless network uses 
a base station that acts as a hub for rout¬ 
ing data. The base stations have a range 
of several hundred feet indoors, although 
Cohen says that you may have to use more ; 
than one base station if you live in a home ! 
with very thick walls. ' 

The main disadvantage of wireless home net¬ 
working is cost. A single wireless base station 
will usually cost between $150 and $200, and 
wireless PCI adapters for your computer are 
$40 to $50 each. 

A home network is a good investment for just 
about any home with more than one PC, and this 
is especially true if you have 
broadband Internet access. Home 
networks are much easier to set 
up than they used to be, thanks 
to new technologies like HPNA 
and Wi-Fi, and it costs less to set 
up a home network than it does 
to buy a new printer and scanner 
for every PC in your home. 

■ Modems. Internet startup 
companies may be dropping like 
flies in a bug zapper factory, but 
the Internet itself is alive and j 
well, thank you. Home users are J 
eagerly jumping onto the broad- | 
band bandwagon, abandoning 
56Kbps modems for speedy 
cable and DSL modems. 

Modems have a relatively 
simple task. They receive infor¬ 
mation from the Internet, or 
more specifically from a server 
connected to the Internet, and 
send it to your PC. You also use 
a modem to send information 
from your PC to the Internet in 
the form of e-mails, instant mes¬ 
sages, or other transmissions. 
Your modem is your PC's con¬ 
nection to the outside world. 
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chart is meant as a starting point. 

ions about which sorts of 
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Type of 


Estimated Return On Investment 


Upgrade 


(On A Scale Of 1-10) 




Home 

Business 

Graphic 

Avid Web 

Avid 



User 

User 

Artist 

Surfer 

Gamer 

Comments 

Home 

i 8 

5 ! 

5 

8 

8 

Inexpensive, practical, and easy 

Networking kit 




! 


to set up. 

Cable/DSL 

6 

6 

5 

' 9 

: 8 

Worth the expense for Web 
surfers and gamers. 

Wireless 

' 7 

‘ 7 i 

5 

! 5 

5 

Simpler than stringing cable all 

Internet 






over the house or small office. 

Firewall 

7 

9 

7 

: 8 

^ 8 

Everyone needs to protect their 
data, especially business users. 

Modem 

: 9 

; 8 i 

5 

' 4 

: ^ 

Inexpensive, and a good bet if you 
can't get DSL or cable. 

Network 

10 

10 

8 

: 10 

; 6 

Required for most networks and 

Interface Card 
(NIC) 






for broadband Internet access. 

Hubs& 

10 

: 10 

8 

i 10 

6 

Required for most networks and 

Routers 






for broadband Internet access. 


80 PC Upgrades / Learning Series 













Modems provide many benefits to computer 
users, which is why they're ubiquitous in the 
computing world. With Internet access, you 
can find information on just about everything 
imaginable. You can buy your favorite books, 
clothes, or even cars online. You can download 
and listen to music, sometimes even legally. Or 
you can see the latest trailer for "The Lord of 
the Rings," which we highly recommend. 

Home users primarily use one of three 
methods to connect to the Internet: a 56Kbps 
dial-up connection, cable, or DSL. The 56Kbps 
dial-up method has been available for several 
years, and many users still favor it because of 
the low cost of dial-up Internet access. Dial-up 
connections typically have a top data transfer 
rate of about 50Kbps, which is a snail's pace 
compared to the data transfer rates that broad¬ 
band users have. Still, it's fast enough for users 
who mainly use the Internet for e-mail and 
don't spend a lot of time surfing the Web. 

There are a couple of new standards available 
for dial-up modems that improve dial-up effi¬ 
ciency. The V.44 standard provides for better 
compression of incoming data, so a modem that 
uses this standard can download information 
more quickly. The V.92 standard is also available 
in new dial-up modems. This new standard has 
three features that improve dial-up usage: 
QuickConnect, PCM Upstream, and Modem-on- 
Hold. The QuickConnect feature reduces the 
time it takes for the modem to call into your dial¬ 
up service and establish a connection to the 
Internet. The modem will learn the characteris¬ 
tics of your phone line and store this information 
for later use, which will reduce the time it takes 
to establish a connection by several seconds. The 
PCM Upstream feature reduces the time it takes 
to upload data to the Internet. The Modem-on- 
Hold feature lets incoming phone calls pass 
through the phone lines while you're online. You 
can al^ place a phone call without closing your 
dial-up connection. When you're finished with 
the phone call, you can resume surfing without 
having to re-establish your Internet connection. 

Of course, you can derive all of the benefits 
of V.44 and V.92 and have a much faster 
Internet coimection by signing up for a cable 
or DSL broadband service. Both technologies 
are much, much faster than 56Kbps modems, 
and neither ties up your phone lines. 

DSL and cable modem’s are "always-on" 
devices, meaning your computer is always 
coimected to the Internet even when you're 
not using your browser or e-mail client. You 
don't have to wait for your PC to establish a 
connection to the Internet, as you do with 


dial-up service. A broadband connection is 
almost essential if you use the Internet to view 
online video clips, listen to radio stations 
online, or transfer large files on a regular basis. 
It's also preferable for online gaming. 

Both cable and DSL modems are capable of 
fast Internet connections, but the technologies 
are hardly the same. A cable modem typically 
provides a data transfer rate between 1Mbps 
and 2Mbps, and the service usually costs 
around $40 per month. The data transfer rate 
will vary, because several cable modem users 
within a given area share the same cable 
pipeline. The more people using a cable 
modem in that area, the slower the data trans¬ 
fer rate will be. If the cable service becomes too 
congested, the cable service provider can split 



Symantec’s Norton Personal Rrewall protects 
your PC from invasion by crackers. 


the area in two and increase the data transfer 
rates for users in each location. 

DSL users don't have this problem. When 
you have a DSL account, your data transfer 
rate will remain steady. Residential DSL 
connection speeds can be fast as 1.5Mbps and 
usually cost about $40 to $50 per month. That's 
a lot faster than a dial-up connection, although 
not quite as fast as the tops speeds available 
through cable. 

The primary drawback of DSL is that you 
have to live relatively close (within 20,000 feet) to 
the office that provides the service, or you won't 
be able to get it. And even if you do live within 
this range, the quality of the service can deterio¬ 
rate as you move closer to that 20,000-foot limit. 

So, which option is better for you? That 
depends upon where you live. Cohen says that 


many would-be DSL users opt for cable 
because DSL isn't available in their area, and 
the reverse is also true. You may not have a 
choice as to which kind of broadband service 
you use, but both are preferable to dial-up con¬ 
nections. If you use the Internet frequently, the 
extra $20 per month (counting the cost of a 
dedicated dial-up phone line, which you'll no 
longer need) for broadband service is a pretty 
good deal. However, if you use the Internet 
primarily for e-mail and only surf occasionally, 
you don't really need a broadband connection. 

■ Firewalls. The increased popularity of 
broadband Internet access has led to an 
inaeased interest in firewalls for home PCs. A 
firewall protects your PC from crackers, com¬ 
puter users who use the Internet to break into 
a user's PC. (The term "hacker" is more com¬ 
monly used, but is technically incorrect. A 
hacker is capable of creating mischief, but 
chooses not to do so. A cracker is a hacker with 
mischief on his mind.) If a cracker breeches 
your PC's security, he or she will be able to 
access any Information stored on your system, 
including passwords and credit card numbers. 

You can buy either a hardware firewall or 
software firewall, or both. A hardware firewall 
provides more security than a software firewall, 
but Cohen says a software firewall is sufficient 
for most home users. Small office users or home 
office users that have sensitive work-related 
information at home should consider a hard¬ 
ware firewall. Hardware firewalls are usually 
built into broadband Internet routers and cost 
from $100 to $200. Software firewalls cost con¬ 
siderably less, usually from $40 to $50, and 
they're sometimes even available for free. 

Any user with broadband Internet access 
should have a firewall. Software firewalls 
provide the best return on investment, but if 
you're working with especially sensitive data 
(or if you're very paranoid), you should use a 
hardware firewall. 

■ Time To Go Fishing. The Internet has 
become an indispensable tool for business 
users and home PC users, for both work and 
pleasure. It's hard to imagine that just a few 
years ago, "the net" was something you used 
to scoop up a fish. The Internet is still young, 
but the means by which we access and use 
it are always changing. Check out the articles 
that follow to learn more about home network¬ 
ing, modems, and firewalls. [HI 

by Michael Sweet 
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Make The Move To 
High-Speed Internet 

Should You Upgrade To DSL Or Cable? 


Y ou're well aware of the problem, of 
course: You speird 20 minutes trying to 
connect to the Internet. You have time 
to go make (and then drink) a pot of coffee 
while waiting for a Web page to display. 
You've given up altogether on downloading 
the latest music because by the time you get a 
song downloaded, the band has broken up (or 
possibly retired). 

If all of this sounds familiar, this article is 
for you. Read on to learn about high-speed 
DSL (Digital Subscriber Line) and cable 
connections as practical alternatives to the 
frustrating world of dial-up. We'll tell you 
what you need to know to choose the right 
connection for your needs, and once you've 
made your choice, we'll tell you how to get 
hooked up. 

■ DSL, You already know that the Internet is 
painfully slow on a dial-up connection, and 
one prescription for your pain is DSL. But 
exactly what is DSL, and in what ways is it 
different from a regular phone line? 


A standard telephone line is referred to by 
telephone companies as POTS (Plain Old 
Telephone Service). This POTS line is an ana¬ 
log line that can carry a limited amount of 
voice or data traffic. This limit is evident to 
anyone who has a 56K (56Kbps, or kilobits per 
second) modem, because such modems usual¬ 
ly connect at an actual maximum speed of 
between 40 Kbps and 48Kbps. DSL uses your 
existing copper telephone wires to deliver 
high-speed Internet access. When you sign up 
for DSL, your local phone company changes 
your P015 line to a digital line. A digital line 
permits for data rates of 5Mbps (megabits per 
second) or higher, over the same wires that 
used to top out at 40 to 49Kbps. However, data 
rates in the megabit range are unusual (and 
expensive). Instead, most residential DSL 
customers will receive data rates of roughly 
384Kbps. (Still, 384Kbps is at least 10 times the 
speed you're currently getting with your 56K 
modem.) 

A DSL connection requires that a router be 
connected to the phone line in your home. The 
router has an IP (Internet protocol) address 
which, just like your home postal 
address, tells others (in this case, 
other computers) where to find 
you. Because the router is always 
connected to your computer, as 
long as both the computer and 
router are turned on, you're 
always connected to the 
Internet. This is different 
from a dial-up scenario; in 
that case, you temporari¬ 
ly use the IP address of 
whichever computer 
your modem connects to 
at your ISP (Internet 
service provider). 

Another important fea¬ 
ture of DSL is the data rate 
you pay for is exactly what 
you get. If you sign up for DSL 
at 384Kbps, your line is allocated 


exactly 384Kbps. Other factors, such as the 
quality of the phone lines between your 
computer and your ISP, can sometimes 
degrade the connection, but the bandwidth 
you pay for is yours and yours alone. This is 
different from cable Internet connections, 
which we'll discuss next. 

■ Cable. Cable Internet access is another 
high-speed option in which, as you've proba¬ 
bly guessed, your local cable company uses 
your cable television wires instead of a phone 
line to connect you to the Internet. 

You may wonder how this is possible. We're 
all accustomed to using the phone to talk from 
person to person, so it's not hard to under¬ 
stand that a computer could talk to another i 
computer over a phone line. But how can a i 
computer talk to other computers using cable 
television? 

’ Actually, the answer is simple. No matter ; 
what data is being transferred along a wire, 
it's really just an electronic signal. It's up to 
the equipment at each end of the wire to 
decode that signal and to decide what to do 
with it. The reality is that the cable companies 
are ultimately connected to the same interna¬ 
tional fiber-optic system as everyone else; 
they just deliver data to your house via a 
different medium. It's this different medium 
that lets them offer another alternative to 
Internet connectivity. 

Shared bandwidth. Perhaps the most 
significant difference between DSL and cable 
Internet access is the fact that cable is essential¬ 
ly a shared-bandwidth technology. In other 
words, with DSL service, you're allocated a 
certain fixed amount of bandwidth. This band¬ 
width will never decrease or increase; you I 
paid for that bandwidth, and it's all yours. But i 
with a cable modem, you aren't guaranteed d 
exclusive access to the total available amount ! 
of bandwidth. Because of the way cable 
networks are set up, there may be times when 
you're able to use a full 6Mbps of bandwidth, 
but there may be other times you are limited to 
256Kbps or 128Kbps, or whatever happens to 
be available. 

Here's why. With cable Internet service, an 
access point is shared by everyone within a 
certain area. Although maximum throughput * 
varies depending on the equipment used, this 
access point generally provides about 10Mbps 
of bandwidth. If no one else within your access 
point area is on the Internet, you have the full 
10Mbps to yourself, even If your service is only 
supposed to offer, say, 384Kbps. However, if 
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many people are online, your connection will 
slow down. If this slowdown occurs regu¬ 
larly, the only solution is for the cable 
company to install another access point. 
Of course, you may or may not be able to 
compel the provider to add that addition¬ 


al access point. That's one of the risks of 
using cable. 

Security risks. A shared access point also 
carries some special security risks. Essentially, 
every computer that uses that access point for 
Internet access is part of the same network. In 


The Intel PRO/DSL 3100 Is a DSL router/modem 
available from some ISPs (Internet service 
providers), at a cost of approximately $300. 
Many ISPs will waive the cost of the route or 
build It Into your contract 


effect, this network functions like the LAN 
(local-area network) you probably have at 
work, which makes it easy to share files and 
access other computers within the network. 
This configurahon is great in the office, where 
you generally want everyone to be able to 
share certain resources. But it's not so great at 
home: Your last year's tax returns could end 
up being shared with everyone in your neigh¬ 
borhood. To avoid this scenario, be sure to dis¬ 
able file sharing on your computer. To do so, 
follow these steps: 

• Go to the Start button and select Settings. 

• Choose Control Panel. 

• Double-click the Network icon. 

• Click the File And Print Sharing button. 

• Uncheck the File Access and Print 
Access checkboxes. 


Special Security Concerns 


A lthough upgrading to 
DSL or cable Internet 
access will improve your 
online life in innumerable 
ways, there is a drawback: 
You have to be more con¬ 
cerned with (and therefore 
more knowledgeable about) 
security issues. DSL and 
cable carry with them spe¬ 
cial security risks because 
of the way they function. 
Although you can’t com¬ 
pletely eliminate these 
risks, there are some sim¬ 
ple steps you can take to 
protect yourself. 

I One risk inherent with DSL 
i or cable is the possibility that 

I someone, somewhere on the 

' Internet, might gain access to 

your computer. Because 
your computer is connected 
to the Internet 24 hours s 
day, there’s a lot of time for a 
hacker to find your computer 
and exploit any security 
holes it might exhibit. 


Once a hacker has 
access, he could view, 
copy, or delete any files on 
your computer, or install 
software that lets him con¬ 
trol your computer remote¬ 
ly. An average user would 
probably never know this 
had happened unless the 
hacker deleted the user’s 
files. The same security 
holes exist for dial-up cus¬ 
tomers, of course, but a 
dial-up customer is not usu¬ 
ally connected long enough 
for a hackfer to gain access 
to his computer. 

The best way to prevent 
someone from gaining 
access to your computer is 
to get a firewall, software or 
hardware that limits what 
kind of connections can be 
made to your computer. 
Firewalls can be software- 
based, installed on your 
existing computer, or they 
can be hardware, involving 


setting up another comput¬ 
er specifically dedicated to 
keeping other users out. 

For most users, a simple 
software or hardware solu¬ 
tion is usually sufficient, 
because you mostly want to 
deter inexperienced hack¬ 
ers from trying to access 
your computer. An experi¬ 
enced, talented hacker 
could probably .gain access 
no matter what you do, but 
an experienced, talented 
hacker probably won’t 
spend time cracking your 
computer; the payoff simply 
isn’t great enough. 

Actually, your chances of 
being hacked are slim. But 
if you’re going to have an 
“always on” connection, 
there’s no denying that the 
possibility of being hacked 
goes way up. Just as you 
lock your door at night, you 
should get a firewall to help 
keep out the riffraff. 


Cable modems and routers. Cable Internet 
access requires that a cable modem be installed 
in your house. From an end-user's perspective, 
a cable modem functions the same as a DSL 
router. It provides an address for your 
computer, and is responsible for all communi¬ 
cation with the Internet. As far as most users 
are concerned, the only difference is whether 
you're plugging a phone cord or a coaxial 
cable into it. 

From a technological point of view, howev¬ 
er, cable and DSL are as different as apples 
and oranges. Knowing the pros and cons of 
each, it's up to you to decide which to pick. 
Either way, you're bound to enjoy the higher 
access speed. 

■ Decide Between DSL & Cable. If you 

have the luxury of choosing between DSL and 
cable Internet access, here are some tips to help 
you choose the one that's right for you. 

Infrastructure and service. Think about the 
quality of cable and phone service in your 
area. Have you dealt with these companies in 
the past? Were they easy to work with? If your 
phone is constantly cutting out, but your cable 
reception is perfect, that's a vote for cable. On 
the other hand, if every week your cable pic¬ 
ture turns to snow right in the middle of "The 
Simpsons" (and if the folks at the cable TV 
office seem unresponsive to your plight). 
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perhaps their cable Internet service won't be 
much better. 

The company. Is one company thriving and 
expanding while the others are struggling to 
cut costs? This could be an indication of the 
company's ability to expand its offerings in the 
future. These days, a technology company can 
go from "standard cost-cutting measures" to 
Chapter 11 in a matter of weeks. 

Your neighborhood. How many people live 
in your area, and what are they like? If your 
area is filled with young professionals living 
in condominiums, DSL might be a better 
choice because of its guaranteed bandwidth. 
However, if your house is surrounded by the 
Shady Meadows Retirement Community, it's 
possible you'll get great cable access. (Except 
that you'd be surprised at the number of retire¬ 
ment-aged folks who are surfing the Internet 
these days.) 

Company policy. Some cable providers 
have policies about the "average bandwidth" 
they will provide to their customers. In effect, 
this says, "When you, 
the customer, are no 
longer getting 1Mbps 
of bandwidth, we, the 
cable provider, will 
install another access 
point." Not every 
provider has such a 
policy (and their poli¬ 
cies can change, of 
course) but it's worth 
checking out. This 
can take some of the 
guesswork out of what your bandwidth would 
be like with cable. Be sure to ask your provider 
about this before signing up. 

Hardware. Some Internet providers require 
you to lease the router or cable modem; others 
require that you purchase it. Some companies 
will give you the router or modem free, if you 
sign up for a year of service. Each company 
has different guidelines regarding their CPE 
(customer premises equipment), so be sure 
to ask questions and make sure you under¬ 
stand all of the options before you sign 
a contract. 

The loopback test. If you're looking at DSL 
service, the first thing the provider will do is 
run a loopback test. They'll send data along 
the phone lines between your home or office 
and the nearest office of the DSL provider. 
They measure the time it takes for the signal to 
get to, and return from, your location. They 
also measure the attenuation, or degradation. 


Check Out Our Top Picks: 

Shopping For Broadband 


DSL 

Earthlink DSL; $49.95 per 
month; http://www.earthlink.net 

r AOL High Speed DSL; 

' $31.05 per month; 

■ http://www.aol.com 

Covad; $49.95 and 
up per month; http:// 
www.covad.com 

Cable 

Road Runner (Time-Warner); 
$39.95 per month; 
http://www.roadrunner.com 

Earthlink Cable 
(through Time-Warner); 
$49.95 per month; 
http://www.earthlink.net 

AT&T Broadband; 

$35.95 and up per 
month; http://viww 
.attbroadband.com 


Availability and price may vary by area. Contact your local ISPs and cable company for more information. 



The Belkin F5D5000 PCI Card is a NIC used for 
connecting your desktop computer to a 
broadband Internet modem or Ethernet network. 


of the signal. These two factors give the DSL 
provider a good indication of what the maxi¬ 
mum throughput would be on your line. If 
you live a long way away from the DSL office, 
or if the wires aloiig which the signal travels 
are old, your maximum throughput may be 
too low to make DSL 
worthwhile. When 
considering a move 
to DSL, make sure 
the provider shares 
the results of this test 
with you. 

■ Signing Up. 

After you've decided 
which type of service 
to go with, it's time 
to start the process of 
actually getting the service. The first step is to 
check out the available plans. Both DSL and 
cable are "always on" connections, so the plans 
normally won't be rated in hours. However, 
especially with DSL, there are some signifi¬ 
cantly different plans from which to choose. 

DSL tips. Some DSL providers will charge 
you for throughput. Some companies will offer 
a choice of bandwidth options on a sliding 
scale (the more bandwidth, the more money). 
Other providers offer only one plan to their 
residential customers. Whether you have one 


or 100 plans from which to choose, don't 
consider any plans offering less than 384Kbps. 
If you can't get 384Kbps at a price you can 
afford, you're being ripped off. Another com¬ 
pany may be able to offer you something bet¬ 
ter. Secondly, never get a DSL plan that places 
a limit on the amount of data you can transfer. 

Plans that limit the amount of data you 
transfer work like this: The company offers 
"unlimited hours" of DSL service. Be wary, 
though; to the company, this may not mean 
"unlimited surfing." Somewhere in the fine 
print, the contract may limit the amount of 
data that can be transferred to your computer. 
For example, you may be permitted to down¬ 
load a total of 100MB of data during any single 
month, but the ISP may levy a surcharge once 
you exceed that limit. (Remember the 100MB 
limit includes not only files you explicitly 
downloaded, but also whatever Web pages 
and components you viewed, because you 
have to download them to view them.) One 
provider permits total throughput of 20GB, but 
charges $100 for each additional 35GB of 
throughput. These plans are bad news, 
because once you start streaming video or 
downloading music, you'll use up your allo¬ 
cated bandwidth in no time. Then you're stuck 
rationing your time online, or avoiding sites 
that are too bandwidth-intensive. This defeats 
the whole purpose of upgrading to DSL in the 


Some Internet providers require you to 

lease the router 

or cable modem; others require that you purchase it. 
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first place. So, read the fine print. Your Internet 
' connection should have no limits on time or 
I the amount of data you can transfer. 

I Cable signup. Signing up for cable is usual- 
I. ly simpler. As noted earlier, whatever band- 
‘ width is available in your location is shared by 
' everyone in that area. Because of this, there's 
no way to guarantee, and thus no easy way to 
; track, how much bandwidth you're using. For 
. residential customers, there is usually only one 
I service plan. 

'<■ The static IP option. There's one more 
I f option to consider, and this one applies to both 
cable and DSL; Do you want a static or a 
dynamic IP address? Static IP addresses some¬ 
times cost a few extra dollars per month but, in 
certain situations, you may decide they're 
worth the cost. 

An IP address is just like a postal address 
for your computer, except that instead of 
telling other people where to reach you by 


Test Your NIC 
Knowledge 

I nstalling a NIC is just like installing 
other types of computer cards; it’s 
easy if you know what you’re doing. 
However, if you've never added or 
replaced a card in your computer, like a 
sound card or a modem, the prospect 
can be intimidating. Here’s a little test 
you can use to help determine if 
installing a NIC yourself is right for you. 

• Do you know how to open the case on 
your computer? 

• Do you know what a motherboard is? 

• Do you know what a PCI (Peripheral 
Component Interconnect) slot 
looks like? 

• Can you install programs, like 
Microsoft Office, on your computer? 

• Do you know how to get to your oper¬ 
ating system’s Network Settings 
dialog box? 

If you answered “yes” to all the ques¬ 
tions above, you’re probably ready to 
install the card yourself; just follow the 
instructions that came with the card, then 
use the accompanying Software to set it 
up. If you answered “no” to any of the 
above questions, you might want to let 
your favorite computer geek (or your new 
Internet provider) install a NIC for you. O 


mail, it tells other computers how to 
reach your computer electronically. 

Your DSL router or cable modem 
will reset its connection to the home 
office every so often and, 
naturally, whenever you 
power down and then get 
back online later. Whenever it 
does this, if you have a dynam¬ 
ic IP address, your router (or 
modem) and your computer are 
assigned new IP addresses. But if 
you have a static IP address, your 
router (or modem) and your computer will 
always keep the same IP address. A static IP 
address is essential if you want to host a Web 
page from your computer, or access your com¬ 
puter's data from another location. If you have 
either of these things in mind, be sure to ask 
about static IP addresses. 

One last thing to note: If you are considering 
static IP addresses, make sure they are 
"routable." Some IP addresses (those begin¬ 
ning with "10" or "192.168") are accessible 
only from within a LAN. If you plan on host¬ 
ing a Web page and your IP address isn't 
routable, only other computers in your house 
(or, if you're using a cable modem, other peo¬ 
ple in your immediate area) will be able to 
reach your computer. 

■ Installation. Unless your new Internet 
provider offers free installation, you'll have to 
face the eternal question of whether to install it 
yourself or to pay your provider to install it for 
you. We'll explain what's involved in 
installing a cable modem or DSL router so you 
can decide for yourself. 

The prerequisites. Regardless of whether 
you're installing a cable modem or DSL router, 
you'll need a NIC (network interface card). 
This card will permit communication between 
your computer and the modem or router. 
These can be purchased at any computer store 
for as little as $20. Some newer computers 
have NICs built in; check to see if your 
computer has a NIC by looking for something 
on the computer that looks like a wider-than- 
normal telephone jack. 

If you don't have a NIC built into your com¬ 
puter, you'll have to install it yourself or have 
someone install it for you. Installing a NIC is 
just like installing other computer peripherals, 
so if you've upgraded your computer in the 
past, you can probably handle installing a 
NIC. (For more advice on deciding whether to 
install the NIC yourself, see both the "Test 


The Belkin F5D5050USB can be 
used to connect either notebook 
or desktop computers to a router 
or networiu 


Your NIC Knowledge" side- 
bar and "Don't Get NIC'd," 
beginning on page 92.) 

Connecting the dots. 
Once your NIC is installed 
and working, hooking up 
your DSL router or cable 
modem is quite easy. There 
should be three cords included 
with your router or modem: a phone cord or 
coaxial cable, an Ethernet cable, and a power 
cable. First, connect the phone cord or coaxial 
cable from a wall jack into your router or 
modem. Second, plug one end of the Ethernet 
cable into your router or cable modem, and 
plug the other end into the NIC in your com¬ 
puter. Third, connect the power cable to the 
router or modem and plug it into a wall out¬ 
let. At this point, the modem or router will 
connect to the provider's home office, and 
you should be surfing in a matter of minutes. 

Paying for professionals. If you don't want 
to attempt to install your router or modem 
yourself, most providers will gladly do it for 
you. Many will bring a NIC with them, which 
you can purchase if you don't have your own. 
They'll install and set up your NIC, hook up 
your modem or router, and test it to make sure 
everything works. This all sounds great, but 
there are two drawbacks. First, your provider 
will almost certainly charge you to do the 
installation. Worse, you'll probably miss a 
day of work, watching endless reruns of 
"Bewitched" while you wait for the installer 
to arrive. 

■ Don’t Put It Off. Don't wait too long to 
upgrade to DSL or cable. Each day, Web sites 
add more bandwidth-intensive content. It 
won't be long before surfing the Web at less 
than 384Kbps will be like driving your 1974 
Chevy Vega in the Indy 500: You could do it, 
but who'd really want to try? So, choose DSL 
or cable, whichever best fits your situation. 
Install it yourself or have someone do it for 
you. Whatever you do, upgrade. Once 
you've experienced the Internet with DSL 
or cable, you'll never go back to a dial-up 
connection. @ 

by Adam Erickson 
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Move On Up To FWIA 

Fixed Wireless Offers High-Speed 
Internet Access With No Cables 


I magine you've finally given up the hustle 
and bustle of the big city. Daring to be 
different, you've packed up all of your 
worldly goods, bid goodbye to the dazzling 
city lights, and moved to the country. Now, 
situated on a peaceful acreage, you gaze out 
over green, idyllic fields and heave a sigh of 
relief. Country life is exactly as you had 
imagined it: calm, pastoral, close to nature. 
There's no traffic, no noise, no crowds, and 
no crime. 

There's also no sewer system, no cable tele¬ 
vision, no Dairy Queen, and no DSL (Digital 
Subscriber Line) Internet service. 

Certainly one can do without a 
sewer system: Just build a septic tank. 

And who cares about cable, really? 

Do you actually need to watch "I 
Love Lucy" 11 times every day? In 
four different languages? And is 
it absolutely crucial that you get 
to view the World Championship 
Aardvark Roundup? Of course 
not. But how can anyone live 
without a DQ? Or, worse yet, 
without high speed Internet access? 

Well, perhaps one needn't try. 

We probably can't do anything 
about the lack of a Dairy Queen 
where you live, but we may have 
a broad bandwidth alternative for you. 

It's called fixed wireless Internet access 
(or FWIA), and it lets you climb onto the 
bandwidth bandwagon at DSL (or better) 
speeds, even if cable modem or DSL ser¬ 
vice isn't offered in your area. 

■ What’s FWIA, Anyway? Fixed wireless 
Internet access is just what it sounds like: a 
system that sends data from a fixed transmit¬ 
ting tower, or from a series of them, to a small 
(usually about 8 inches in diameter) dishlike 
antenna at your home or business. 

Depending on the specific FWIA technology 
in use, the wireless provider may either run a 
cable from the antenna (usually mounted on 
the roof) to your computer, or the technician 
may set the system up to transmit from the 
rooftop antenna directly to a wireless modem 


installed at your computer. In either case, the 
system uses neither telephone lines nor cable, 
and thus requires no existing cable or phone 
company (telco) infrastructure or equipment. 
The result? If you're in an area served by a 
WISP (wireless Internet service provider), you 
should be up and running in just a few days. 
(And if a WISP in your area is planning to 
offer service in the near future but hasn't quite 
finished setting up their equipment, it might 
help you to know that system implementation 
and approval doesn't take nearly as long for 
FWIA as it does for wired systems.) 


■ Is It Really Fast? If you've been using a 
56Kbps (kilobits per second) modem, you'll 
be dazzled by FWIA. (Remember that 
because of line limitations, a 56Kbps modem 
normally gets only about 33Kbps in actual 
throughput.) Wireless Internet access speeds 
vary, but about the slowest you'll see these 
days is 128Kbps, or about four times the 
speed you're used to. In real-world terms, 
this means that the 10MB video clip it used to 
take you several minutes to download will 
take roughly one minute with FWIA. Web 
pages that used to appear in your browser 


very slowly will snap into place within a sec¬ 
ond or two. 

Of course, many WISPs provide service at 
speeds greater than 128Kbps, with 256Kbps 
and 512Kbps being fairly common (but some¬ 
times more costly) options. In terms of speed, 
this puts FWIA in about the same ballpark as 
DSL and cable. 

■ What Does It Cost? Many WISPs are 
targeting business users rather than 
residences, so their prices and options some¬ 
times reflect that business model. Monthly 
residential service (usually running at 
between 128Kbps and 256Kbps) can cost 
anywhere from $49 to $100. Again, this is 
comparable to typical DSL or cable prices. 
Most WISPs offer faster speeds and addition¬ 
al services to business customers, at 
correspondingly higher prices, as do DSL 
providers. These extra services can include 
monitoring of the customer's equipment 

(modem, antenna, etc.), additional 
storage, and a service level agreement 
that spells out both a specific uptime 
percentage and guaranteed data 
transfer speeds. 

Note that, even with a residential 
account, there may be extra costs. 
Typically, a WISP might charge 
between $100 and $200 for 
installation and setup. (After 
all, installers have to come out 
to your home or business, 
install a dish antenna, and 
possibly run cable to your 
computer.) In addition, many 
providers add a surcharge if you 
exceed some monthly maximum (usu¬ 
ally 2GB to 5GB) amount of data 
transfer. Of course, you may find that 
a provider bent upon increasing 
market share will be willing to waive 
some or all of these extra costs. 

As with any other ISP, your FWIA account 
normally includes multiple e-mail accounts 
and a few megabytes of storage for a person¬ 
al or small business Web site. 

■ Is There A Downside? Of course there 
is. This is technology we're talking about, right? 

Although the technology is improving, 
wireless transmission of data is still imperfect. 
According to Christopher Whitely, a project 
manager at Insight Research Corp., "Wireless 
service is subject to line-of-sight restrictions, 
and 'rain fade' is still something of an issue." 
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You may be living in an area that’s HBith6r mBtrOpOUtSH HOT 
truly rural, and thus has not yet attracted the attention of a FWIA provider. 


Whitely is referring to the fact that, for opti¬ 
mum reception, your receiving antenna should 
be in direct line-of-sight with one of the 
WISP's transmitters; heavily forested land or 
large buildings can obstruct or degrade the sig¬ 
nal, and something as solid as a mountain 
between your home and the WISP's tower will 
almost certainly block the transmission. In 
addition, although modem equipment deals 
with it more effectively than some of the older 
electronics, heavy rain can also scatter and 
weaken the signal, a phenomenon known as 
rain fade. 

Unfortunately, there's also the very real 
possibility you may be unable to locate# WISP 
in your area. 

There are a number of reasons for the 
dearth of wireless providers. First, FWIA is 
most likely to be available either in densely 
populated metro locations or in rural areas; 
the former because it would be very expensive 
for traditional providers to dig up city streets 
and walkways to lay cable, and the latter 
because rural customers, often lacking any 
other broad bandwidth option, are normally 
not averse to paying a little extra for high¬ 
speed Internet access. You may be living in an 
area that's neither metropolitan nor truly rural 
and thus has not yet attracted the attention of 
a FWIA provider. 

Of course, there are exceptions to the idea 
that FWIA service is usually confined to urban 
and rural settings. Jayson Ayers, a FWIA user 
who lives and works in suburban Colorado, 
was happy to discover fixed wireless service 
was available in his area, even though DSL 
and cable access were also available. Ayers 
chose FWIA over DSL and cable, mainly 
because he felt that the regional WISP was able 
to offer him more flexibOity and better service 
than were the larger companies (Qwest and 
Sprint) that provide cable and DSL service in 
the area. 

Jay Hartman is another suburban Colorado 
resident who opted for fixe'd wireless. He says, 
"I've been very pleased with the speed and 
reliability of the service from day one. When 
you factor in speed, reliability, ease of use, and 
cost, FWIA is a dramatic improvement over 
any of the alternatives." 


But even as some WISPs are beginning to 
target suburban areas, there's another reason it 
could be difficult to find fixed wireless 
providers: The high cost of building trairsmis- 
sion towers and related equipment, coupled 
with the recent economic downturn, has 
driven some WISPs out of business, or at least 
slowed down their original expansion plans. 
(As one spokesperson for a FWIA provider put 



The antenna used in a fixed wireless installation 
Is generally so small that it’s easy to miss. 


it, "We must've been nuts to think we could 
get that many subscribers that quickly.") As a 
result, FWIA availability is not yet as 
widespread as many thought it would have 
been by now. 

■ What To Expect When Upgrading. 

Moving up to FWIA is fairly simple, mainly 
because the provider's technicians normally do 
all of the work. 

Step 1; The first thing the provider will do is 
send a technician out to determine if direct 
line-of-sight access to the WISP's tower is pos¬ 
sible. If so, she'll note the optimal location for 
the antenna and get your approval to locate 
the antenna at that spot. 

Step 2: Within a few days (depending on the 
provider's backlog), a technician will be out to 
mount the antenna on the roof. This normally 
takes only an hour or so. The antenna is quite 
small and very unobtrusive; if you weren't 
looking for it, chances are you'd never even 
notice it. 

Step 3: Next, the technician will connect the 
computer to the antenna. This is done in one of 
two ways: Either she will run a cable from the 
antenna to the computer (this may require 


drilling a couple of small holes in a nearby 
wall), or she'll coimect a wireless modem to 
the computer. In the latter case, the wireless 
modem will communicate with the antenna, 
which will in turn beam information to (and 
from) the WISP's transmitter. 

Step' 4: Finally, as with any broad band¬ 
width setup, someone will need to configure 
your computer and enter the appropriate net¬ 
work settings. This is really no different than 
configuring your system to "speak to" any 
other network (or any other type of high¬ 
speed provider). We'll show you how it's 
done in Windows Me, but you can configure 
other Windows operating systems in a simi¬ 
lar fashion: 

1. Go to the Start button; select Settings and 
then Control Panel. 

2. Double-click the Network icon. 

3. Select the Configuration tab. 

4. From the list, choose the TCP/IP option 
associated with your particular network 
interface card. If there is no TCP/IP option 
for a network card, you or the provider will 
need to install the card. 

5. Click the Properties button. 

6. From this point, you'll probably need to 
follow the provider's directions. Generally, 
you'll select the IP Address tab, and enter 
the IP address assigned by the WISP. 

The provider will often enter this informa¬ 
tion for you, but sometimes they give users the 
option of configuring their own systems. Our 
advice? Unless you're knowledgeable about 
network settings, let the tech do it, even if it 
costs you a few bucks. It's really not all that 
complicated, but it's easy to make a mistake 
and sometimes it's very difficult to track down 
and correct those errors. 

■ Where Do I Find A FWIA Provider? 

Unlike most of the upgrade options dis¬ 
cussed in this issue, fixed wireless Internet 
access is not yet a commodity item; if it's 
available in your area, it's likely to be offered 
only by a small, regional provider, so your 
choices are limited. 

For that reason, we can't provide a "menu" 
of providers from which you can choose one 
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that seems likely to meet your needs; there are 
simply too many of them, and most serve very 
specific regions of the country. What we can 
do, however, is direct you to resources that list 
those providers by area. For that information, 
please see the "Shopping List" sidebar. 

While most WISPs are very small companies 
serving a limited geographical area, there's 
certainly nothing to stop companies from 
building a statewide (or even nationwide) 
system. For that reason, a few of the telecom¬ 
munications heavy hitters are getting into the 
act. The two largest are Sprint and WorldCom, 
both of which are currently testing the FWIA 
waters by launching wireless service in limited 
markets. Sprint's service is called Sprint 
Broadband Direct, and it's offered in several 
cities in Arizona, California, Colorado, Florida, 
Kansas, Michigan, Oklahoma, Texas, and 
Utah. WorldCom, meanwhile, currently offers 
FWIA in selected cities in California, 
Louisiana, Mississippi, and Tennessee; For 
both companies, this is essentially a "beta test" 
to see if FWIA can provide a viable, re venue 
stream, so no one is guaranteeing which cities 
they'll target next, if any. See the "Shopping 
List" sidebar for contact information. 

■ Slow, Steady Growth. There are now 
more than 12 million subscribers to various 
types of high-speed Internet service, includ¬ 
ing DSL, cable, and FWIA. Fixed wireless 
access currently accounts for only about 
100,000 (or roughly 8%) of those subscribers. 


Were are now more than 12 million subscribers to 
various high-speed services, including DSL, cable, and FWIA. 


so it's obvious this is still a small, immature 
industry. 

How small? Well, take Mesa Networks, 
for example. Mesa is a FWIA provider in the 
Denver area, serving portions of Longmont 
and Fort Collins, Colo. In the near future, 
they plan to increase coverage in those areas 
and they hope, eventually, to expand into 
other northern Colorado cities. Currently, 
says company president Todd Bergstrom, 
they have around 150 subscribers and, now 
that they've established and stabilized their 
network, they're adding about 50 new sub¬ 
scribers every month. At that pace. Mesa 
Networks will still have less than 1,000 sub¬ 
scribers at the end of next year. This is not a 
growth rate that will make them the next 
Sprint or WorldCom, but, as Bergstrom 
points out, the goal here is not necessarily 
rapid growth. Instead, he says that what's 
more important is managed growth. It's 
better, notes Bergstrom, to design and build 
a stable and scaleable system, find the 
appropriate price point for residential ser¬ 
vice, and make sure that your early cus¬ 
tomers are happy. Now that ^ of that has been 
accomplished. Mesa Networks is finally begin- 


Check Out Our Top Picks: 

Shopping For Fixed Wireless Internet Access 


F WIA tends to be avail¬ 
able regionally, with one 
or two providers covering a 
given area. Because hun¬ 
dreds of WISPs cover 
almost every state, we can’t 
provide you with a complete 
list. However, we can direct 
you to some Web sites on 
which those lists are 
maintained. 

• Wireless Internet 
Services, Inc., of Visalia, 
CA., maintains a list of 
WISPs at http://www 
.wirelesstcp.net 
/best/compare.html. 


• INT Media Group hosts 
http:/Ahelist.internet.com, 
an ISP directory that lets 
you search for a provider 
either by area code or 
state. The listing includes 
dial-up, cable, and DSL 
Internet service providers, 
as weli as companies that 
offer FWIA. 

In addition to the smaller, 
regional WISPs, there are, 
of course, a few large 
telecommunications compa¬ 
nies offering FWIA. 

Because of their marketing 


clout and existing infrastruc¬ 
ture, these companies are 
able to provide service to a 
more widespread geo¬ 
graphical area. The two 
largest are: 

• WorldCom (formerly 
MCI), at http://www 
.worldcom.com. (Or call 
800/465-7187.) 

• Sprint Broadband Direct, 
at http;//www 
.sprintbroadband.com. 

(Or call 877/728-7520.) 



Configuring your computer to communicate with 
the wireless provider can be confusing. Unless 
you’re familiar with the TCP/IP properties dialog, 
it may be best to let the technician handle tt. 


ning to concentrate on marketing, so Bergstrom 
expects to see those numbers begin to rise. 

In spite of its current anemic growth rate, 
sources say that FWIA is poised to begin a 
period of rapid expansion. Insight Research 
Corporation, a market research company 
based in Parsipinee, NJ, expects the number 
of fixed wireless subscribers to skyrocket to 
perhaps six million by the year 2007. And 
another technology research company. 
Allied Business Intelligence, located in 
southeastern New York, anticipates that by 
2006 fully 15% of all high-speed Internet ser¬ 
vice subscribers will be FWIA customers. If 
those predictions are accurate, you may find 
that FWIA turns out to be a commercially 
viable broad bandwidth alternative to DSL 
and cable, and could be available in your 
area quite soon. 

Of course, as tragic as it is, there's not 
much we can do about the lack of a Dairy 
Queen in your neighborhood. We suggest 
that you call DQ (952/830-0200) and insist 
that they open one in your area as soon as 
possible. Preferably before the Aardvark 
Roundup starts. @ 


byRodScher 
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Upgrade To A 
Newer Modem 

Add Speed, Voicemail & Fax Options 


I f the Internet is a superhighway, 
broadband access is the high¬ 
speed on-ramp. But not every¬ 
body lives conveniently close to the 
on-ramp. In truth, broadband access is 
not available everywhere and may not 
be for some time. 

If you're frustrated with your 
Internet connection speed, and you 
don't have (or don't want) access to 
broadband, consider upgrading your 
modem to take fullest advantage of your 
current telephone access. With a relative¬ 
ly small investment, you may be able to 
significantly improve your download 
speed. We'll walk you through some 
points to consider and give you some 
ideas about what the latest technology 
will do for your PC's online performance. 


■ The New Modems. Today's fastest 
modems can send data at the rate of 56BCbps 
(kilobits per second). Assuming that your com¬ 
puter can accept a 56BCbps modem, there are a 
number of options you will need to review if 
you're thinking about an upgrade, and also 
some information you'll need to know about 
your specific system. 

How it works. A modem converts the digi¬ 
tal information your computer produces to an 
analog format that can be sent over phone 
wires to another modem. The receiving 
modem goes through a negotiation procedure 
known as a "handshake" to determine what 
type of modem is trying to connect to it, and 
how it will process the incoming information 
to convert the analog data back into digital 
information the receiving PC can read. The 
conversion process is called a protocol, and the 
most common data transmission protocol is 
currently V.90, which permits transmission at 
the nominal rate of 56Kbps. 

When a modem sends at a high rate of 
speed, it first must compress the data, using 
one of several compression formulas. The most 
conunon compression for a 56Kbps modem is 



currently V.42, which compresses the data at a 
4:1 ratio before sending it. 

The most recent advance in 56Kbps modems 
is a V.92 protocol with V.44 compression. The 
newer protocol speeds up the data upload by 
about 30%, and the V.44 compression formula, 
designed specifically for the Internet (V.42 


predates the common use of the Internet), is 
reported to reduce Internet page loading time 
by at least one half. These two latest advances 
are yet not universally supported by ISPs 
(Internet service providers), but having them 
in your new modem should not affect the per¬ 
formance if you are trying to connect through 
a service that has not yet been upgraded. 

New modems, new features. Some newer 
56Kbps modems feature Call Waiting or 
Modem On Hold, which signals when you 
have an incoming call on your line and 
lets you answer the call without discon¬ 
necting the modem or losing your connec¬ 
tion to your ISP. This feature permits you 
to operate both voice and Internet on a 
single phone line. These modems 
all use the V.92 protocol, and you 
must have the call-waiting 
feature activated by your local 
telephone carrier. 

■ Compatibility Issues. One 

important consideration to keep 
in mind as you evaluate modems is 
the compatibility of your OS (operat¬ 
ing system) and your equipment. 
Today's modems function best with a 
minimum of a 133MHz Pentium 
processor, 32MB of RAM, and 
Windows 95 or higher. If you have the pro¬ 
cessing power you need, you'll need to 
decide next which kind of modem you want. 

Internal or external? There are two basic 
modem types available, external and internal. 
Almost any computer sold within the past five 
years came with an internal modem as part of 
the package. If yours did not, there is likely to 


Check Out Our Top Picks: 

Shopping For Modems 


v.90 

Standard 


V.92 

Standard 


Zoom/FaxModem 56K-PCI 
PLUS; $80; http://www 
.zoomtel.com 


U.S. Robotics V.92 
External Faxmodem; $110; 
http://www.usrobotics.com 


U.S. Robotics 56K Internal I Creative Labs 


Faxmodem PCI; $58; 
http://www.usrobotics 
.com 

Zoom/FaxModem V.92 
56K-PCI; $50; http://www 
.zoomtel.com 


Modem Blaster Flash 
56II ISA D15601; 
$69; http://wvifw 
.creativelabs.com 
SupraMax 56K USB 
V.92 External 
Modem; $69; http:// 
www.diamondmm 
.com 


Notes; 

SupraMax uses USB connection, includes fax software. 
Zoom Fax/Modem V.92 comes in USB and serial models. 
U.S. Robotics V.92 External Faxmodem is serial only. 
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Your Actual Speed May Vary 


T he nominal speed of 
your new modem is 
56Kbps (kilobits per sec¬ 
ond), yet when you log on 
to the Internet and check 
your speed, you’re rarely 
able to get more than 
40Kbps, and you’re lucky to 
get that. Why? There are 
several factors that affect 
actual modem speed. 

First, there is an absolute 
limitation on the speed that 
data is permitted to travel 
across phone lines. The 
FCC (Federal Communi¬ 
cations Commission) 
restricts data speed to 
53Kbps in order to maintain 
a level standard of power in 
the phone lines. Higher 
speeds require more 
power, and the standard is 
enforced to reduce the 


possibility of interference on 
phone lines. Although this 
standard is under review, 
53Kbps will remain the 
highest allowable speed of 
data transmission for the 
foreseeable future. 

Second, the farther data 
has to travel over the phone 
lines between power 
boosts, the more static or 
“noise” occurs on the line. 
Usually there are shorter 
connections within urban 
areas, and longer distances 
in rural areas; the result is 
that you may not be able to 
connect at higher speeds if 
you live in an area with less 
than optimal line quality. 

Third, many ISPs 
(Internet service providers) 
are configured to handle 
average levels of traffic. 


and your ISP may not have 
enough high-speed modem 
ports to give ever^ concur¬ 
rent user a high-speed con¬ 
nection. Additionally, cer¬ 
tain ISPs use proprietary 
software that may limit the 
transmission speed avail¬ 
able to their users. 

All of these factors may 
affect your actual connec¬ 
tion speed. So is it worth it 
to upgrade your modem? 
Experts agree that a faster 
modem, configured to opti¬ 
mize performance, will 
almost always improve your 
connection speed. Also, 
when the line issues do get 
straightened out and your 
ISP decides to upgrade 
its service, you’ll be ready 
to take advantage of 
the Improvement. □ 


PC, they process data more slowly than 
modems that include a DSP. 

Soft modems work best in urban areas, 
where the local phone lines have the least 
amount of interference. If you live in a rural 
area with a significant amount of static on the 
phone lines, you should probably consider a 
high-powered external modem, or an internal 
modem with built-in DSP and controller. Both 



(kilobits per second) modem that 
includes fax and voicemail software. 


are more expensive than the soft modem, but 
they'll help avoid lost connections and slow 
processing speeds. 

■ Additional Features: Fax & Voicemail. 


be an expansion slot available that will let you 
install an internal modem. 

Which is better? External modems take up 
additional physical space in your work area 
and usually require a separate power supply. 
However, they do not require much in the way 
of mstallation, and external modems also make 
it easy to move the modem from one machine 
to another. 

ISA or PCI slot? In order to decide 
which internal modems will work 
for you, you need to know 
whether your PC has a slot avail¬ 
able, and if it does, whether it's an ISA 
(Industry Standard Architecture) or PCI 
(Peripheral Component Interconnect) slot. ISA is 
generally found in older systems, although it is 
not unusual to find both ISA and PQ slots in the 
same PC. PCI is the standard for most of the 
newer peripherals, so it is advisable to save PQ 
slots for expansion, if possible. You'll also need 
to know the speed of your processor, the OS 
you're using, and the amount of RAM available. 
To find out, click Start on your taskbar, then 
click Settings and Control Panel. Double-click 
the System Information. A dialog box will list 
the OS, the processor type and speed, and the 
available Click the Device Manager tab to 
determine the type of modem you currently 


have. Armed with this information, you can 
evaluate and compare the various modem 
brand and configuration options. 

■ Software vs. Hardware Modems. 

Internal modems operate in one of two ways: 
They either have their own DSP (digital signal 
processor) and controller, or they rely on the 


The Ositech Five of Clubs II Is a V.90,56K 
PC Card modem designed for 



internal processing of the PC to 
process the data. The DSP and the 
controller do the work of command processing, 
error correction, and data compression. 
Modems that do not perform 
these functions push the work off 
to the PC's processor. Modems of 
this type are commonly referred 
to as "soft" modems and are most 
often shipped with new comput¬ 
ers. They're less expensive and 
easier for the casual user to 
install, but because they rely on 
the internal transfer rate of 
Windows working through your 


Your new modem may also come with fax and 
voicemail options. Using your PC as a fax or 
answering machine is generally just a matter of 
having the appropriate software (usually 
included with your new modem) because, 
between the modem and the PC itself, you 
already have the required hardware. 


c PCs. Notebook 
PCs present a different (and sometimes prob¬ 
lematic) range of options. Most newer notebook 
PCs come with preinstalled internal "soft" 
modems and a combination NIC (network 
interface card) and modem. Older notebooks 
that lack built-in modems will usually have 
PCMCIA (Personal Computer Memory Card 
International Association) slots that will accom¬ 
modate card modems that simply slip in and 



Line connections for notebook computers include dongles and 
X-jacks. Each has limitations, and both are subject to breakage. 
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out of the slot. The "combo" cards generally 
slide into the two slots as a single unit. 

Note that PCMCIA modems are generally at 
least twice as expensive as external modems, 
and they don't usually include call waiting. 
However, almost all of the newer PCMCIA 
modems support fax and voicemail. 

Line connections for notebooks. Perhaps the 
main issue to consider in a PCMCIA modem is 
how the phone line will connect to the PC. The 
combined modem/NIC cards generally include 
standard plug-in jacks for a phone cord and net¬ 
work cable. Other options require use of an 
I adaptor (called a dongle) or an X-jack, a 
I retractable tab built into tt\e card. Both of these 
options have their drawbacks. Dongles can 
break, and they get lost easily. X-jacks, on the 
other hand, are easily broken; this renders the 
modem completely unusable. 

■ Installing Your Modem. Installing a new 
modem can be relatively simple, but remember 
that every computer-related operation ends up 
taking more time than you thought it would. 
(It's just one of those immutable laws about 
dealing with computers. But you knew that.) 

Installing your notebook's modem. With a 
mobile PC, essentially all you need to do is 
remove the existing modem card, if there is 
one; then uninstall the existing modem's soft¬ 
ware, plug in the new card, install the new 
driver, and make your connections. 

Desktop computers; installing an external 
' modem. Installing an external modem in your 
desktop PC is pretty straightforward. If you 
have both USB (Universal Serial Bus) and 
serial ports available, you'll have to decide 
which to use, based on other peripherals you 
have connected. You'll need to find a plug for 
the power source and a spot in your work area 
for the modem itself. Install the driver soft¬ 
ware and you should be on your way. 

Desktop computers: installing an internal 
modem. Installing an internal modem may 
require a bit more courage on your part. After 
all, you have to take the case off the CPU and 
actually tinker around a little bit with the 
1 insides of your computer. But once you've 
■ decided to take the plimge, it's not really that 
daunting of a task. Just follow these steps: 

: 1. Read the instructions that came with the 
I modem. And don't skip’ over the parts you 
think you already know all about. 

2. Disconnect the CPU from the monitor. 
Remove any peripherals, and unplug the 
power supply. (Trust us. You really do not 
, want to be messing around inside the 
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Step By step 



computer with the power on.) Make sure 
you take appropriate steps to dissipate any 
static electricity inside the case. 

3. Remove the CPU case. Assuming you 
already have an internal modem, it will be 
visible in a slot terminating at the back of 
the computer and probably held in place 
with a single screw that you'll need to take 
out. If you don't already have a modem 


installed, just find an appropriately sized 
(and empty) slot, and remove the faceplate. 
If you've never opened the case before, this 
is a good time to clean out any accumulated 
dust. Computer stores carry special cairs of 
compressed air you can use to blow the crud 
away. (Don't use the household vacuum 
cleaner; you could lose small parts.) 

4. Gently but firmly work the old modem out of 
its slot, and gently but firmly work the new 
one in. Make sure the device is well seated on 
the motherboard, and fasten the new modem 
securely using the saew you removed earlier. 

5. Reattach the case, making sure you've 
replaced aU of the screws. 

6. Install the software drivers that came with 
the new modem. Again, make sure you 
uiunstall the old drivers before installing the 
new ones. Otherwise, your computer may 
think it has two modems; in that case, it 

. could either decide they're in conflict, or 
start trying to use them in sequence. 

If you don't already have an internal 
modem, remove one of the slot covers and 
install the modem in any available slot on the 
motherboard. Then reattach the case, install 
the drivers, and dial your ISP. 

Watch out for IRQ conflicts. If you have 
installed a hardware modem (as opposed to a 
soft modem), your computer may perceive a 
conflict with the IRQ (interrupt request lines) 
for COM2 (the communications port that is 
generally used as the default for the modem). 
This is because hardware modems sometimes 
include a serial port as part of the card's 
circuits; thus, the PC may think it now has two 
COM2 ports using the same IRQ channels, 
thereby creating a conflict. Your driver soft¬ 
ware should let you correct this; otherwise, 
you may have to disable COM2 in your BIOS 
(Basic Input/Output System). However, this 
can be tricky; make sure you understand all 
the implications and have properly backed up 
your hard drive before you make any changes 
to the BIOS. 

■ The Need For Speed. Once your new 
modem is installed, you'll be ready to move 
onto the Web at full speed. (Or at least at 
the maximum speed your telephone lines 
will permit.) So sit down, hold on, and enjoy 
the ride. @ 

by Bert Nixon 
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Don’t Get NIC’d 


Upgrading Your Network Interface 
Card Is Easy & Beneficial 


A NIC (network interface card, pro¬ 
nounced "nick," also known as a 
network card or network adapter) is 
the hardware your PC uses to connect to other 
computers. Network adapters move data digi¬ 
tally between computers, as opposed to 
modems, which convert data to analog tones 
and then back to digital. If you have a broad¬ 
band Internet connection such as cable or DSL 
(Digital Subscriber Line), or operate on a LAN 
(local-area network), your PC most likely has a 
NIC installed. Despite the high levels of stan¬ 
dardization that network adapters have 
achieved, the quality and features of your NIC 
can vary widely. These characteristics help 
determine the speed and reliability of your 
network (including Internet) traffic. Priced 
between $10 to $50 or more, NICs are afford¬ 
able; if yours is more than a year old, an 
upgrade could provide an impres¬ 
sive performance increase for a rel¬ 
atively small price. 

■ When To Upgrade. You may 

wish to upgrade your network 
card for several reasons. If you 
have an older network card that 
has outdated connectors (such as 
coaxial cable), you might wish to 
move to a more up-to-date net¬ 
work-cabling standard. Most NICs 
today use the Ethernet standard 
and RJ-45 connectors (which look 
like a fat phone plug). Or, you 
may have an internal network 
adapter for your desktop PC that 
connects to your motherboard 
with outdated ISA (Industry 
Standard Architecture) standard 
slots and want to move to a PCI (Peripheral 
Component Interconnect) NIC. Or you may 
want to take advantage of full duplexing, a 
feature that only recently has become stan¬ 
dard on network cards, which sends and 
receives data simultaneously. 

More likely, if your NIC came bundled with 
your machine, you may simply have a low-qual¬ 
ity component that doesn't handle data transfers 


as quickly or reliably as it could. Your 
older NIC may be limited to 10Mbps 
(megabits per second) throughput, 
while the newer adapters are capable 
of either 10Mbps or 100Mbps transfers 
(you'll usually see these referred to as 
10/100 network cards). If you experi¬ 
ence sluggishness moving files across 
your network, if multiplayer PC games 
or shared music files don't perform 
reliably, or if other networking tasks fail inex¬ 
plicably, look first at your NIC; a low quality 
network adapter can significantly affect the 
quality of your network And regardless of 
whether you're actually networking, new broad¬ 
band Internet users will need a NIC; an upgrade 
in that area is the perfect complement to a 
connectivity upgrade to make sure you get the 
most out of your fat new pipes. 


has both PCI (top) and ISA (bottom) slots. You i 
a PCI netwoilc adapter, If possible. 

■ Different Types of NICs. There are 
several different kinds of network cards, 
and a range of features available with each. 
Understanding these variations will help you 
know what your network card does and 
what you can expect to gain (if anything) 
from an upgrade. 

Types of cable connectors. Very old network 
cards can often be distinguished from their 


more current counterparts by the type of con¬ 
nectors used. Some NICs use coaxial cable or 
other cabling to make physical network 
connections, while others use lOBase-T, which 
is faster, more reliable, and more widely sup¬ 
ported than older types of cabling. lOBase-T 
cabling is similar to (but thicker than) telephone 
wire in appearance. Some NICs (often called 
"combo cards") include ports for 
multiple types of connectors. Since 
Ethernet has been the dominant 
standard for sever^ years now, a 
combo card on the back of your PC 
is a good indication that you could 
benefit from an upgrade. Wireless 
networking is rapidly emerging as 
another option. (For more informa¬ 
tion about that, see the "Going 
Wireless" sidebar.) Your options 
here are usually limited by your 
overall network architecture, but if 
you have any say in the matter, you 
should be upgrading to either a 
lOBase-T or a wireless standard, 
'bould Types of connections. You also 
have several options for how your 

_ NIC connects to your machine. 

Internal NICs for desktop PCs use 
either the older ISA or more current PCI slots 
on the motherboard. The PCI standard runs 
more quickly internally, communicates faster 
with your PC, and requires less work from 
your processor. If you have an available slot, 
a PCI network card is the only way to go. 
There are also external NICs available, most 
of which connect to your PC through USB 
(Universal Serial Bus) ports. These NICs 


92 PCUpgrades / Learning Series 





















t^lghMWldn|^&Secwj2 


process data more slowly than internal 
network adapters but are useful if you wish 
to share a single network adapter among 

I several computers, or if you don't have any 
available internal slots. Make sure you can 
return any USB network 
adapter you buy, however. 

USB devices can conflict with 
! each other, and you'll want 
to be able to get a refund or 
exchange if your new NIC 
won't work with your other 
USB components. PCMCIA 
, (Personal Computer Memory 
f' Card International Associa- 
: tion) network cards are the standard format 
; for notebook PCs. (For more information about 
PCMCIA NICs, see the "Upgrading Your 
Notebook's NIC" sidebar.) 

Different NICs offer different features. 
: Apart from the physical differences between 
: network cards, there are several internal fea- 
; tures that can make a difference, as well. As 
with any peripheral you purchase, you 
should make sure your NIC is Plug-and-Play 
compatible. In other words, you install it "as 
is," without physically adjusting jumpers or 
switches on the card or manually configuring 
any other settings on your PC. The card 


should simply be recognized by your operat¬ 
ing system when you boot up the first time 
after installation, and you should have to do 
no more than install driver files from the 
installation disc. 


Duplexing is another feature that often dis¬ 
tinguishes network adapters. Full-duplexing 
means that data can be sent and received 
simultaneously, effectively doubling the prac¬ 
tical speed of your network connection. 

The most crucial internal difference, however, 
is the maximum speed at which the card can 
transmit data. For a long time the Ethernet stan¬ 
dard topped out at 10Mbps, and many network 
cards still operate at that speed. Fast Ethernet, 
which can operate at up to 100Mbps, has 
emerged recently as the standard of choice. Most 
new network cards (as well as network switches 
and other components) now operate at either 


speed, auto-sensing the limits of the network in 
which they run and adjusting speed accordingly. 
If you are still using a 10Mbps network card, an 
upgrade to 10/100 can drastically improve the 
performance and reliability of your connection. 

There are, of course, other 
factors that go into the quality 
and reliability of each NIC. 
As with any other computer 
product, each manufacturer's 
processes and hardware 
architectures can affect 
performance, and different 
product lines emphasize 
different priorities. There 
are several places where you can check out 
reviews of network cards and view testing 
results that track actual speed and reliabiTity. 
One popular site, homePCnetwork.com 
(http:/ /www.homepcnetwork.com), regularly 
reviews networking components from a range 
of companies and can help you distinguish 
among high- and low-quality products that 
ostensibly offer the same features. 

■ New Devetopments In NIC Technology. 

As with any technology, networking is a con¬ 
stantly evolving field. There are several new 
developments that offer the potential for signifi¬ 
cant inaeases in performance, affordability, and 
usability. These advances in technology pave the 
path for future upgrades. Network cards are 
getting progressively smaller, in keeping with 
the general trend of PC components. Smaller 
cards are easier to install, make the inside of 
your PC less crowded (especially useful if you 
crack the case for upgrades often), and create 
more room in your machine for airflow and 
cooling fans to do their work. Network technol¬ 
ogy, as with everything else, is getting faster, as 
well. New gigabit networks move data at speeds 
of up to 1,000Mbps. You'll need to upgrade your 
entire network architecture (including switches 
and hubs, in addition to NICs) in order to take 
advantage of gigabit Ethernet; if you're planning 
upgrades, it wouldn't hurt to start with your 
network adapter. 

Improvements in USB and wireless technol¬ 
ogy are also introducing more portable means 
of achieving connectivity at speeds approach¬ 
ing traditional networking methods. While 
USB and wireless connectivity are still much 
slower than the fastest Ethernet connections 
(they usually top out at about 10Mbps), the 
portability of such options may outweigh their 
speed limitations. This is especially true if your 
primary use of the network is to connect to the 


Upgrading Your Notebook’s NIC 


U pgrading a NIC (network 
interface card) for a 
notebook computer is nor¬ 
mally a simple operation. 
Most notebooks use the 
PCMCIA (Personal Com¬ 
puter Memory Card 
International Association) 
standard for a wide variety of 
peripherals, and network 
adapters are no exception. 
These components are very 
similar in size and shape to 
credit cards and slide into 
slots on the side of the note¬ 
book case. There are also 
USB or internal network 
cards available for notebook 
computers, but neither gives 
you the combination of 
speed, compatibility, porta¬ 
bility, and ease of use that 
PCMCIA cards provide. 


Notebook NICs are gener¬ 
ally more expensive than 
desktop PCI (Peripheral 
Component Interconnect) 
cards; expect to pay 
between $50 and $100 for 
one, depending on quality 
and features. Most PCMCIA 
network adapters now oper¬ 
ate at 10/100 speed, but 
check to be sure. Note that 
many PCMCIA network 
cards make use of a dongle, 
an external connector bridg¬ 
ing the gap between your 
NIC and your network cable, 
in order to save space in 
your PCMCIA slots. If you’ve 
ever used a dongle, you 
know that they are easily 
lost, easily forgotten when 
traveling, and easily broken. 
Many network cards for 


notebook computers now 
have the connector port built 
in, letting you ditch the don¬ 
gle. You’ll pay more for a 
card with a built-in port, and it 
will take up both of your 
PCMCIA slots, but you may 
find that avoiding the hassle 
of carrying around a dongle 
and risking breakage make it 
worth the additional cost. 

To install your new note¬ 
book NIC, simply insert the 
card into your notebook’s 
PCMCIA slot, connect a live 
network cable in order to test 
it out, boot up your notebook 
PC, install the necessary dri¬ 
vers, and test your connec¬ 
tivity. If you run into trouble, 
make sure that the card is 
seated firmly and com¬ 
pletely in the slot. Q- 








«___ 



Network cants have used (from left to right) thtcknet, coaxial, and RJ-45 connectors. To he 
as up to date as possihie, you want a NIC (network interface card) that has an RJ-45 plug. 
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Internet, where even the fastest of broadband 
connections does not yet approach even the 
slowest of network speeds. 

HomePNA (Home Phoneline Networking 
Alliance) and HomePlug (HomePlug 
Powerline Alliance) are also newly emerging 
standards, both of which let you take advan¬ 
tage of existing telephone and AC power line 
wiring. While these are not yet fully developed 
technologies (the speed and reliability of 
phone line and power line connections have 
not yet caught up with their more established 
Ethernet cousins), they offer the ultimate 
promise of full network capabilities without 
requiring a large financial investment. In addi¬ 
tion, HomePNA and HomePlug technologies 
help you avoid that unsightly web of new 
wires in your home or office. . 

' ■ Installation Of Your New Desktop NIC. 

So you've decided that a NIC upgrade is in 
order. You've got a brand new 10/100 PCI, full- 
duplex Ethernet NIC (you should've spent 
between $10 and $50) and need to install it. 
Installing a network adapter is a fairly simple 
procedure. Even if you aren't experienced at 
opening up your machine and installing new 
hardware, you should be up and running in less 
than an hour. 

Step 1: Adequate preparation will make 
things go more smoothly. The first step of any 
upgrade is preparation. Before you buy, you'll 
want to make sure your new device is compati¬ 
ble with your PC hardware and operating 
system; the box should have a list of system 
requirements printed on it. Gather your materi¬ 
als: you'll need a screwdriver (probably a 
Phillips-head), a live network cable or other 

connection (so you can _ 

test your NIC), and an 
antistatic mat or wrist¬ 
band, if you have one, to 
prevent electrostatic 
shocks from damaging 
your components. Keep 
the NIC's driver disk and 
your Windows installa¬ 
tion disc handy; you 
may need both. As with 
any upgrade, you should 
back up your system 
(or at least your most 
crucial documents) 
before you begin. 

Step 2: Crack the 
case. Your machine 
should be turned off 
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Going Wireless 

W ireless networking is a 
newly emerging 
upgrade option for both 
desktop and notebook PC 
users. Whether you’re con¬ 
sidering making the switch to 
a wireless or are upgrading 
the capabilities of an existing 
wireless LAN (local-area net¬ 
work) or Internet connection, 
there are plenty of options 
out there. If you already have 
a wireless NIC (network 
interface card) that’s more 
than six to 12 months old, 
the speed of innovation in 
this area means that faster 
and more reliable wireless 
technology is probably avail¬ 
able to you, at ever-decreas¬ 
ing prices. Wireless networks 
provide, above all, portability 
and ease of install. Have you 
dreamed of the day when 
you can sit on the couch and 
surf the’Net? Do you have 
an unsightly and tangled 
mess of network cables 
snaked all over your comput¬ 
er room and beyond? If so, 
wireless networking might be 
an option for you. 

Wireless NICs come in the 
same varieties as wired 


cards: PCI (Peripheral 
Component Interconnect) 
cards for desktops and PCM¬ 
CIA (Personal Computer 
Memory Card International 
Association) cards for note¬ 
books. The only procedural 
difference between wired 
and wireless NICs is that, in 
order to work, wireless net¬ 
work cards need to be able 


point that plugs into a wired 
network or Internet connec¬ 
tion. This, of course, means 
extra hardware to buy and 
install. Wireless NICs them¬ 
selves are significantly more 
expensive than their stan¬ 
dard Ethernet cousins. PCI 
cards can run up to $100 
and wireless NICs for note¬ 
books can run as much as 
$150. Another drawback is 
that wireless networks run 
much slower than Ethernet 
networks. The 802.11 b stan¬ 
dard is the most current in 
wireless networking, and it 
tops out at about 11 Mbps 
(megabits per second). If you 
do a lot of work accessing 
and transferring files on your 
local network, you’ll notice 


the difference in speed; but if 
you use your network mainly 
for Internet connectivity, you 
won’t even notice the siow- 
down, since even the fastest 
cable modem rarely 
achieves transfer speeds of 
more than 3.5Mbps. 

Wireless networking is a 
developing technology, so 
make sure that you read 
reviews of companies ahd 
their products and ensure 
that all of your components 
are compatible. Reliability 
and security are hot topics in 
the field of wireless network¬ 
ing, so you would do well to 
check how your wireless NIC 
stands up against the com¬ 
petitors. Also make a point to 
buy equipment in compliance 
with the most current 
802.11b standard to squeeze 
as much longevity out of your 
new hardware as you can. 

Though wireless technolo¬ 
gy is somewhat expensive 
and not yet fully matured, 
you may still find that its con¬ 
venience and portability 
make upgrading to a wire¬ 
less NIC an attractive alter¬ 
native for you. 'Q 


Check Out Our Top Picks: 

Shopping For NICs 

Under $20 j SMC1255TFast 

j Ethernet PCI network 
! card; $19.99; http:// 

! www.smc.com 

$20 To $75! 3Com Fast EtherLink 
I XLPCI10T/100BTX 
I NIC 3C905B; $59.99; 
i http://www.3com.com/ 

$75 To I SMCSMC9452TXPCI 

$100 ; adapter $72.99; http:// 

www.smc.com 


Belkin Components 
F5D5(X)0 PCI card; 
$19.99; http:/Awww 
.belkin.com/ 

Intel Pro/IOOS Desktop 
Adapter PILA8460C3; 
$56.99; http://www 
.intel.corW" 

Addtror\ Technologies 
AEF-360TX-5P10/100 
auto-sensing adapter; 
$74.99; http://www 
.addtron.com/ 


Allied TelesynAT- 
2400T-001; $9.99; 
http://vww.allied 
telesyn.com 
3Com XL PC110/100 
Combo 3C905B; 
$69.99; http://www 
.3com.com 
LinksysLNE10005 
EtherFast 10/100 LAN 
Card; $89.99; http:// 
www.linksys.com/ 


NetgearFA311TXPCI 
10/100 Adapter; 
$17.99; http://www 
.netgear.com/ 
D-LinkDFE-550TX 
10/100MB PCI CARD; 
$42.99; http://www 
.dlink.com 
lnteiPILA8464BUS 
PRO/100 adapter; 
$99.99; http://www 
.intel.com 


Notes: Allied Telesyn's AT-2400T-001 is 10 Base-T only. 
Scorn's 3C905B combo card supports RJ45 and coax connections. 













HomePNA: Use Your Telephone Lines 
To Connect Your Network 


T he Home Phoneline 
Networking Alliance 
developed the HomePNA 
networking standard in an 
attempt to standardize 
: phoneline networking com¬ 
ponents and bring phone 
line networking into the 
I mainstream. Version 2.0 of 
HomePNA delivers 10Mbps 
(megabits per second) trans¬ 
fer rates over existing tele¬ 
phone wires to as many as 
25 computers as far apart as 
1,000 feet. Home PC users 
should consider the possibili¬ 
ty of implementing a phone¬ 
line network as a part of any 
networking upgrade. 

There are several advan¬ 
tages to upgrading to a net¬ 
work adapter that is 
HomePNA compatible. 
Installation is simple—phone 
line NlCs (network interface 
cards) plug into existing 
phone jacks with standard 
telephone wires. HomePNA 
devices are also competitive¬ 
ly priced: You can purchase 
phoneiine PCI (Peripheral 
Component Interconnect) 


network cards for as little as 
$35. While these are more 
expensive than the standard 
Ethernet PCI adapters, they 
are significantly cheaper than 
wireless cards. And in order 
to make use of your phone¬ 
line NICs across PCs, you 
don’t need special hubs or 
switches. If you want to con¬ 
nect your phoneline network 
to an Ethernet LAN (local- 
area network) or to a broad¬ 
band Internet connection, 
however, you will need a 
bridge or router (usually 
priced around $100). 

HomePNA is not without 
its drawbacks, however. As 
noted, even the most current 
version of the standard con¬ 
nects at only 10Mbps, while 
Fast Ethernet achieves 
transfer speeds of 100Mbps. 
And, as HomePNA is not a 
fully matured technology, 
there are still questions of 
reliability as well. Some 
users report problems 
running phoneline networks 
on very old telephone wiring 
or in homes that make 


extensive use of cordless 
phones (which can create 
interference on the phone 
line). And since HomePNA 
NICs are currently available 
only in PCI and USB 
(Universal Serial Bus) for¬ 
mats, notebook PC users 
must either have an avail¬ 
able USB port or purchase 
aUSB-to-PCMCIA 
(Personal Computer 
Memory Card International 
Association) adapter. 

If the idea of using your 
home’s existing phone 
wiring (rather than running 
new Ethernet cable) appeals 
to you, shop around for 
phoneline network adapters. 
Version 1.0 hardware is still 
commonly sold, so make 
sure you’re getting 10Mbps 
(Version 2.0) components, if 
you have several computers 
spread throughout the 
house and want a simple 
way to network them to 
share data, printers, or 
Internet connectivity, phone¬ 
line networking may be the 
solution you’re seeking. : 1 


and the power cable on the back disconnected. 
You'll probably also need to disconnect the 
other cables on the back of the box, unless 
you have a PC with side panels that slide off 
without disturbing existing connections. 
Remove the cover (check the documentation 
from the manufacturer if you aren't sure how 
to do this) and look inside. Find an open slot 
for youmetwork adapter. You may have both 
PCI and ISA slots on your motherboard: PCI 
slots are generally (but not always) light-col¬ 
ored and smaller. 

Step 3: Insert the NIC. Before touching any¬ 
thing inside the case, especially if you don't 
have an antistatic mat or wristband, ground 
yourself by touching the metal frame of the 
box to prevent a buildup of static electricity. 
Now remove your NIC from its antistatic bag 


and insert it into the slot. If possible, avoid 
touching the flat electronic surface of the card; 
instead, handle it by the edges. Holding the 
card vertically, slide it into the slot and screw 
it in place using the faceplate at the end of the 
card. Don't reattach the cover just yet—you 
may need to make adjustments if everything 
doesn't go right. 

Step 4: Test. Next, you need to test the 
installation. Make sure you have the drivers 
that came with the network card. Reconnect 
all of the cables and plug a live network con¬ 
nection into your new NIC. Boot up your PC. 
As Windows starts, it should recognize the 
new device and prompt you for the driver 
software. Insert your driver disk (or CD- 
ROM) and browse to the correct drive. If 
Windows doesn't recognize the new hard¬ 


ware, the NIC may not be inserted all the 
way, or you may need to try another slot. 
Shut down the computer, unplug the power 
cable on the back, reseat the card, and boot 
up again. Once you are up and running and 
have installed the device drivers, your last 
step is to test connectivity. Make sure that 
your network settings are correct (check with 
your Internet provider or network adminis¬ 
trator if you aren't sure) and browse to a 
location on your network or test your 
Internet connection. Once your new NIC is 
configured and working properly, you'll 
need to shut down your computer one more 
time and screw the cover back on the box. 

■ Problems With NIC Upgrades? Few 

things are more frustrating than having a 30- 
minute upgrade procedure turn into hours of 
headaches, multiple reboots, and extra trips to 
the store. Adequate preparation can help you 
avoid most of the snags that complicate hard¬ 
ware, and especially NIC, upgrades. First, 
make sure you've read the technical require¬ 
ments for your new hardware and that it's 
compatible with your system. Also make sure 
you have room in your PC for the card you 
want to install, and that you have a live, tested 
network connection up and running before 
you test your new card; the last thing you 
want is to spend hours troubleshooting your 
new NIC oivly to find out that you were test¬ 
ing with a bad connection. Also, make sure 
that when you install the card itself, you seat 
it firmly and completely into the slot. It may 
help to provide some resistance to the back of 
the motherboard. The faceplate at the end of 
the card, used to attach the card firmly onto 
the box, should sit very nearly in place on its 
own when the card is properly installed. 

■ Simple Upgrade Nets Big Benefits. 

For most users, a NIC upgrade is a simple pro¬ 
cedure that requires very little expertise about 
the inner workings of your PC. If your net¬ 
work card is more than a year old, or if it came 
with your PC and you have no idea what 
brand or speed it is, you are a prime candidate 
for a NIC upgrade. Network cards are getting 
cheaper all the time, and their performance 
and features are consistently improving. By 
getting your network card up to date, you can 
ensure you're getting the most out of your net¬ 
work or Internet connection while keeping 
your budget under control. @ 

by Gregory Anderson 
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Upgrade Your Hub 
& Router 

Network & Broadband Users Can 
Increase Speed & Share Devices 


I t seems like only yesterday that you 
wandered on down to the locd computer 
store to pick up the hardware needed to 
connect your old computer to your new one. 
Your dream was to share files and maybe 
even your printer. You purchased two 
Ethernet NlCs (network interface cards), a 
special Cat5 (Category 5) crossover cable, and 
a book on how to set up Windows file and 
print sharing. After spending two hours 
installing the NlCs and fiddling with 
Windows, you finally got the computers to 
"see" each other. Life was good. 

But that was then. Today the local cable 
company is out connecting your new high¬ 
speed cable modem, and you'd love to share 
that Internet connection with the four other 
computers that now make up your network. 
You're also considering a better way to 
share your printer and perhaps even add 
another one. It's time to head back to the 
computer store. 

There are lots of reasons and ways to 
upgrade your network, but in most cases net¬ 
work expansion involves upgrading or adding 
a hub, installing a router, or adding a print 
server. Each of tee devices is a core compo¬ 
nent of any home or business network setup. 
In many cases, it can also be a component of a 
single computer, if that computer uses a 
broadband Internet connection. 

This article will examine those devices and 
possible upgrade options. But before we start, 
let's take a quick side trip to the world of 
Ethernet networking. 

■ Into The Ethernet. Most home and small 
business networks are based upon Ethernet 
networking technology. Ethernet is popular, 
because it's reasonably priced and fairly easy 
to install. The Ethernet standard has a data 
transfer rate of 10Mbps (megabits per second) 
across various types of network cable, with 
UTP (unshielded twisted pair) cable being the 
most popular. 


UTP comes in a variety of grades, from Catl 
(Category 1) to Cat5. As you increase the 
grade, the cable performance increases. The 
connector used for UTP cable is called an RJ-45 
connector and looks like an oversized phone 
plug. The adaptation of the Ethernet standard 
that uses UTP cable is also called lOBase-T. 

Fast Ethernet (also called 100Base-T) uses 
UTP Cats cable and has data transfer rates of 
up to 100Mbps. Over the past few years, with 
the drop in cost of 100Mbps networking equip¬ 
ment, Fast Ethernet has grown 
in popularity. 

Computers connected to an 
Ethernet network send data out 
in small chunks called packets. 

Before a computer sends out 
packets, it listens to the net¬ 
work traffic and waits for a 
gap in activity. When that 
gap occurs, the packets are 
sent and travel past each 
networked computer until they 
arrive at the destination. 

As you might guess, there's 
always the chance that two com¬ 
puters will transmit at the same 
time and packets will collide and 
be lost. When this happens, the 
computers retransmit the lost 
packets. However, as network 
traffic increases and more colli¬ 
sions occur, you often see a noticeable slow¬ 
down in network performance. 

■ Hubs As Connection Points. A hub is a 

hardware device that acts as a connection 
point for multiple computers or network 
devices that need to commuiucate. Most hubs 
have from four to 24 RJ-45 ports with two 
LEDs (light-emitting diodes) that indicate 
whether the port connection is working. 

Ethernet normally requires hubs, because 
it employs something called a star topology: 
the NIC of each computer is connected by 


UTP cable to a port on the hub. When pack¬ 
ets are sent from one network device to 
another, the signal passes from the NIC to 
the hub and then .out to the destination 
device. 

Although hubs seem pretty simple, there are 
variations you need to be aware of if you're 
purchasing or upgrading. 

Active vs. passive. Active hubs, which are 
the most common type of hub, receive the 
signal and then regenerate it, boosting it in 
the process. Passive hubs just pass the 
signal along. 

Dual-speed hubs. The ports on tee hubs 
automatically detect if a 10Mbps or 100Mbps 
NIC is connected and adjust their speed 
accordingly. They are especially useful in situ¬ 
ations where there is a combination of older 
10Mbps and newer 100Mbps NlCs. 

Managed vs. unmanaged. Managed hubs 
(also called intelligent hubs) include additional 
circuitry and features that let them interact 
with network management programs. This 


type of management is normally not needed 
with smaller networks. 

Switched hubs. When packets travel from a 
computer to the hub, they are received and 
then rebroadcast to all the other ports on the 
hub. With smaller networks, this isn't normal¬ 
ly a problem. In larger networks, the conges¬ 
tion caused by the extra packet traffic can 
slow down the network considerably. With a 
switched hub (often just called a switch), each 
packet is rebroadcast to only the appropriate 
port. In effect, this aeates a direct connection 
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Make sure that when daisy-chaining two hubs, you connect 
the network cabie from the upiink port on one hub to a 
reguiar port on the other. 


between the sending and receiving computers 
that dramatically cuts dovm on network traffic 
and increases network speed. 

■ Do You Need A Hub Upgrade? Even the 
simplest Ethernet network typically includes a 
hub, and as simple as hubs are, there are some 
situations where you might need to upgrade: 

• You are adding additional network devices 
and you run out of ports on your current 
hub. You can either purchase a hub with 
more ports to replace your current hub, 

or add a second hub and stack them (that 
is, daisy-chain them together). 

• You have purchased new 100Mbps NICs 
for all of your computers, and you need 
to replace your old 10Mbps hub with a 
dual-speed or 100Mbps hub. 

• Your network traffic has become heavy, 
and you feel that a switched hub might 
help speed things up by cutting down on 
packet collisions. 

• Your network has grown dramatically, 
and you need the ability to better diag¬ 
nose problems and track statistics, so you 
need a hub with management technology. 

In terms of hub brands and models, Rick 
Godin, a network administrator and college 
instructor, suggests that /ou shop for hubs by 
price. "Hubs are very basic technology and are 
done well by just about everyone," Rick says. "1 
have used Linksys [http://www.linksys.com] 
and Netgear [http://www.netgear.com] with 
excellent results." 


■ Installing A Hub. Before 
installing your new hub, you'll 
want to draw a map of your com¬ 
puter system, including where your 
new hub is located in relation to 
each network device. We should 
note here that the phrase "network 
device" refers to a computer, print 
server, router, or other piece of 
computer hardware that is attached 
to and communicating with the 
local network. And remember that 
with most hubs, the network device 
caimot be more than 328 feet from 
the hub. 

Position the hub in the desired 
location and connect the cable from 
each device to a port on the hub. As 
you do this, it's a good idea to label 
each cable with which device it 
came from. This helps with trou¬ 
bleshooting later on. If your hub 
includes a port that can be set to either uplink 
(for connecting this hub to a second hub) or 
normal operation (for connecting a regular net¬ 
work device), be sure to set it to the appropri¬ 
ate mode before using it. 

If you're connecting two hubs together, and 
if you're using a normal Cat5 cable, you must 
connect the uplink port from one hub to a reg¬ 
ular port in the second hub. If you connect 
from one uplink port to another uplink port, it 
won't work correctly. 



If you need a router that also has a few switched ports, 
you can try the Linksys BEFSR41 for around $109. It’ll 
save you from having to purchase a huh. 


Finally, with all the cables connected, plug 
in the hub's power cable and make sure all the 
connected network devices are powered on. If 
things are working correctly, you should see 
the LED light up for each port that has 
a connection. 

■ All About Routers. A router is a network 
device used to coimect different networks or 
segments of networks. On a large scale, routers 


are the backbone of the Internet. On a small 
scale, routers let multiple networked comput¬ 
ers in the home or office share a single 
Internet connection. Let's take a quick look at 
how they work. 

All computers that are connected to the 
Internet, induding yours, are assigned a unique 
public identifier called an IP (Internet Protocol) 
address. This address lets computers make a 
connection and pass data back and forth. When 
you connect with an ISP (Internet service 
provider), you are typically assigned a single IP 
address. This is where a router comes in. 

Using a technology called NAT (Network 
Address Translation), the router is assigned 
the public IP address and connected to the 
Internet. Normally, each computer on your 
network is given a private IP address that 
lets it communicate with the router. When a 
local computer makes an Internet request, it 
does so tluough the router. The router notes 
which computer sent the request, sends the 
request to the Internet using the public IP 
address, receives the response, and forwards 
it back to the original computer using the pri¬ 
vate IP address. 

As a side benefit, the NAT technology built 
into routers acts as a firewall (a shield that 
prevents unauthorized network access) by 
keeping your local computers' IP addresses 
hidden. Hiding these addresses makes it 
almost impossible for someone outside of 
your local network to covertly access those 
computers without your permission. In 
essence, if an unauthorized person can't 
see you, he or she can't get to you. The 
router has the only IP address visible to the 
Internet, and routers do not have the same 
intruder vulnerabilities that a computer qn 
your network might have. 

■ Router Flavors. . Before the onset of 
broadband cable and DSL (digital sub¬ 
scriber line) connections, most routers were 
too expensive for use on small networks. 
Now, simple (and just as importantly, easy- 
to-use) routers can be purchased for as little 
as $100. As you go shopping for a router, here 
are some variations you'll encounter. 

Basic router. This router is intended for 
users who already have a cable or DSL modem 
and a network with a hub. It comes with an 
Internet port to connect to the modem, 
includes one RJ-45 port to connect it to the 
local network, supports 10Mbps and 100Mbps 
speeds, provides a Web-based interface to set 
device options, and includes a simple firewall 
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in the form of NAT technology. Most 
basic routers also incorporate DHCP 
(Dynamic Host Configuration Protocol) 
technology, which lets the router auto¬ 
matically assign the private IP address to 
your network computers. 

Examples of a basic router include the 
Linksys BEFSRll EtherFast Cable/DSL 
Router ($99) and the Netgear RT311 
Gateway Router ($99). 

Combination router and switched 
hub. If you need both a hub and a router, 
this type is for you. You get everything 
included with the basic router, plus from 
four to eight switched ports. The Linksys 
BEFSR41 EtherFast Four-Port Cable/DSL 
Router ($109) and the Netgear RT314 
Cable/DSL Router with Four-Port Switch 
($109) are two examples. 

Router, switched hub, and added 
features. In addition to the features listed 
above, some routers include Web filtering 
capabilities that give you control over 
what users are able to access. Many pro¬ 
vide true firewall capabilities beyond 
NAT protection, such as stateful packet 
inspection, in which the content of each 
packet is checked and only packets actu¬ 
ally requested by a computer behind the 
firewall are accepted. 

Examples include the Netgear RP114 
Cable/DSL Web Safe Router with Four- 
Port Switch ($149), which also includes 
Web filtering; and the Netgear FR314 
Cable/DSL Firewall Router, which 
includes both an integrated four-port 
10/100 switch ($249) and true firewall 
technology. 

■ Do You Need A Router Upgrade? 

To summarize, here are some reasons you 
might want to consider upgrading your 
router: 

• You have a small network with a hub and 
want to share a single broadband DSL or 
cable modem connection. In this case a basic 
router will serve your needs. 

• You have a small network with a hub, each 
computer has an Internet connection with 
its own IP address, but you need firewall 
protection. A basic router will put your 
computers behind the NAT firewall and 
save you money by requiring only one 
IP address. 

• You want to network your computers 
and also share a single Internet con¬ 
nection, but do not yet have a hub. 



A routfir with switched ports is hooked up in much the same 
way as a huh, except that you aiso ran a connection from the 
router to your DSL (Digitai Subscrther Line) or cabie modem. 



You'll need a router that includes 
switched ports. 

• You want to connect your single computer to 
the Internet using a DSL connection and also 
need firewall and parental control protection. 
A router with true firewall protection is what 
you need. (You might also want to consider 
"gateway" devices that combine a router, 
switched hub, and DSL modem.) 

What about brands? Mitch Spellman, from 
Computer Outlet Center in Omaha, Nebr., sug¬ 
gests that Linksys, SMC (http://www.smc 
.com), and Netgear all produce good products 
for small network use. He also suggests that you 


go with a company that won't disappear in 
a year, and he recommends that you be 
sure to keep all of your documentation for 
future reference..Of course, that's probably 
good advice no matter what hardware 
you're pi 


■ Installing Your Router. Having 
purchased the appropriate router, con¬ 
necting it is a fairly straightforward mat¬ 
ter. Assuming that you've purchased a 
router with four switched ports, we'll list 
the steps below. 

Step 1: Connect the NICs to their 
ports. Using a Cat5 network cable, con¬ 
nect each computer's NIC to a switched 
port on the router. If you are connecting a 
hub to the router, make sure to connect 
the uplink port of the hub to the switched 
port on the router. 

Step 2: Connect your modem to the 
router and power it up. Next, connect the 
cable from your DSL or cable modem to 
the Internet port on the router. Finally, 
connect the router's power adapter to a 
wall outlet. The router's LEDs for each 
active port and the Internet port's LED 
should all be lit. 

Step 3: Set the appropriate domain 
name server address. To work with the 
router, the IP address, subnet mask, gate¬ 
way address, and DNS (domain name 
server) address must be set on each com¬ 
puter. Most routers have a DHCP feahue 
that does this for you automatically. 
However, you must first set your com¬ 
puters to accept the automatic settings: 

• Select TCP/IP (Transmission Control 
Protocol/Internet Protocol) for your 
NIC. Go to Control Panel by clicking 
Start and choosing Settings. In the 
Control Panel, double-click the 
Network icon. When the Network dialog 
box opens, scroll down the list of network 
components and click the TCP/IP entry 
associated with your NIC, and click the 
Properties button. 

Set how the device will acquire an IP 
address. In the TCP/IP Properties window, 
make sure the IP Address tab is selected, 
and choose Obtain IP Address Automati¬ 
cally. Click the Gateway tab; if any address¬ 
es are already listed, remove them. Then 
click the DNS tab and choose Disable DNS. 
Click the OK button twice to close the dialog 
boxes. When prompted to do so, reboot 
your computer. 
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One reason that many people network their computers is to 

share printers 


■ Addiitg A Print Server. One reason that 


Step 4: Configure the router. The final 
step in the installation process involves going 
to the router's Web-based setup screen. Start 
a browser on one of the networked comput¬ 
ers, type the router's IP address (provided in 
the instruction manual) into the browser's 
address bar, and then press ENTER. When 
you reach the setup screen you'll be guided 
through a series of questions. The most 
important of these will be the ISP Assigned 
IP Address, Subnet Mask, Gateway,, and 
Primary DNS Server items. If your ISP 


assigns this information dynamically (auto¬ 
matically), you will see it already entered. 

Once you have completed the setup, reboot 
your router and then reboot all of your com¬ 
puters. You should now have Internet access 
on each computer. 


many people network their computers is so 
they can share printers. Once networked, a 
computer with a printer can share that printer 
across the network using features built into 
Windows. Sharing a printer this 
way certainly works, but the com¬ 
puter doing the sharing slows 
down whenever someone prints. 
This is because the printing process 
often ties up a portion of the shar¬ 
ing computer's resources, including 
CPU, RAM, and even temporary 
drive space. 

One other problem with sharing a 
printer attached to a computer on the 
network is the risk of someone turn¬ 
ing off or locking up that computer. 
When this happens, no one can print 
until that computer is rebooted. 

Print servers are devices that 
remove this resource burden by 
letting you connect them to the net¬ 
work like a computer and then share 
printers that you attach to them. Not only does 
this improve printing performance, but it also 
lets you physically locate your printers any¬ 
where that you want them. 

Print servers come in various forms, but 
most include from one to three printer ports 


(so that multiple printers can be connected to 
the server), an RJ-45 Ethernet connection for 
connecting to your network, and a power 
supply. After making these connections, yoii 
typically load special print server software on 
each networked computer, letting the comput¬ 
er "see" the printer on the network. Finally, 
you must load the printer's driver software on 
each networked computer. 

When someone on the network prints, the 
print job is put into the print server's queue 
(waiting list), but the content of the job is 
actually stored locally on the computer that's 
sending it. When the print server is ready for 
the job, it is transferred from the local 
computer to the printer attached to the 
print server. 

As with the other devices we've discussed, 
Linksys, Netgear, and SMC all make afford¬ 
able print servers for the small network user. 

■ What About Wireless Networking? 

Wireless versions of the various types of hubs, 
routers, and print servers mentioned here are 
now becoming available, and they are general¬ 
ly installed as described above. Although 
wireless networking is still in its infancy, as 
Mitch Spellman from Computer Outlet says, 
"The freedom of wireless is definitely not a 
fad." If you're connecting computers for the 
first time, wireless is certainly an option to 
consider. And if you already have a network 
based upon cable, adding a wireless hub is a 
great way to network a portable device, such 
as a notebook computer. 

■ Not Flashy, But Effective. Let's face it, 
the thought of upgrading your network 
doesn't exactly illicit a quickening of the pulse 
or a sense of high excitement like getting 
that new 1.8GHz processor or a flashy, 
19-inch flat panel monitor. But with today's 
simple and inexpensive hub, router, and print 
server alternatives, upgrading your network or 
broadband capabilities could be one of the 
most useful things you'll do. @ 

by John Lortz and Susan Leavitt 


Check Out Our Top Picks; 

Shopping For Routers, Hubs & Print Servers 


Hubs i 3Com 3C19261 Home- 

; Connect 10/100 Dual 

i Speed Hub; $42; http:// 

I www.3com.com 

Routers | Linksys BEFSR11 

/Hubs I EtherFast Cable/DSL 

I Router; $99; http:// 

I www.linksys.com 

Print I SOHOware Plug-n-Print; 

Servers I $79.99; http://www 

I .sohoware.com 


j Netgear FS105 Five- 
Port 10/100 Switch; 
j $72; http://www 
I .netgear.com 
I D-Link DI-704 Internet 
I Gateway/Firewall/Four- 
j Port Switch; $119; 

I http://www.dlink.com 

I Linksys EPSX3 
I EtherFast 3-Port 
I 10/100 PrintServer; 
j $139; http://www 
i .linksys.com 


i Linksys EZXS88W 
EtherFast 8-port 10/100 
Switch; $68; http://www 
.linksys.com 
Netgear FR314 
i Cable/DSL Firewall 
I Router/Four-Port 10 
I /100 Switch; $249; 

I http://www.netgear.com 
I D-Link DP-313 802.11b 
i Wireless Print Server; 

I $279; http://www 
! .dlink.com 



Power Cable 
Ethernet Port 


Print servers connect directly to your hub, Just like 
any other network device, and normally include two 
or three printer ports. 
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Firewalls 

Keep Crackers At Bay 


A s every Web addict and casual e-mail 
user knows, the Internet lets you 
reach out and touch computers in 
every corner of the globe. What isn't so obvi¬ 
ous is that the information highway is quite 
literally a two-way street: When you're 
online, other Internet users can reach out to 
your computer, too. 

As you surf the Web, read e-mail, or play 
your favorite online game, a cracker on the 
Internet can be surreptitiously exploring the 
files on your computer, downloading your tax 
records or letters to Grandma. (As it happens, 
"cracker" is the correct term to use here. 
Technically, a hacker is someone sharp 
enough to break into your computer and cause 
mischief but who refuses to do so; a cracker is 
a hacker with mayhem as his or her intent.) A 
spammer could be, without your knowledge, 
using your computer to relay e-mail advertise¬ 
ments for miracle hair tonic. If so inclined, a 
malicious person might even attack you with a 
"ping of death," crashing your computer, just 
for kicks. 

If you log in for five minutes a day to read 
e-mail, there really isn't much to worry about. 
But computers that are connected to the 
Internet for longer periods are much more 
vulnerable and need to be protected. If you 
have high-speed Internet access, you are in the 
latter group. 

■ Always On. Unlike analog modems, 
many DSL (Digital Subscriber Line) and cable 
modems provide full-time access to the 
Internet. As DSL and cable Internet access 
gains popularity, more computers are con¬ 
nected to the Internet around the clock, mak¬ 
ing them easy targets for every script kiddie, 
amateur crackers armed with easy-to-use 
tools, to target vulnerable computers. Even if 
you use a dial-up Internet connection, you're 
a potential target. And the more you're 


online, the greater the 
chance a cracker will 
come knocking. 

You can protect your¬ 
self from these sorts of 
attacks with a firewall. A 
firewall acts as a gatekeep¬ 
er between the Internet 
and your computer. When 
a cracker starts poking 
around your Internet con¬ 
nection, he'll find a secure 
firewall instead of your PC, 
with its well-known security 
vulnerabilities. 


■ Can I See Some ID? Think of the firewall 
as the boimcer at the door that will turn away 
unreasonable requests for entry. No, you can't 
probe port 139, go away. No, we don't share 
files, be gone. Hey, that funky packet would 
crash Windows; in the trash it goes. The fire¬ 
wall deals with these problems before they 
ever reach your computer. 

"It doesn't matter if you are a home user, a 
virtual office user, or if you're a CEO working 
from home. If you have a dedicated line, 
there's a very hi^ probability that people will 
try to break into your system," says Michelle 
Drolet, CEO of Conqwest, Inc., (http://www 
.conqwest.com), an Internet security reseller. 
"We recommend a hardware appliance, and 
there are a lot of them out there." 

Ports are the doors through which Internet 
packets pass when they reach your computer. 
Each Internet client or server communicates 
over a specific numbered port; for instance, 
Web browsers and servers talk on TCP 
(Transmission Control Protocol) port 80. A 
chat-room program, for example, may use port 
8080. Microsoft's very popular NetMeeting 
application opens up a variety of ports, which 
is one reason it often can't be used in a corpo¬ 



k firewall acts as a gatekeeper 

between the Internet and your computer. 
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rate environment; the company firewall simply 
won't allow it. 

Port scanning is a common method of look¬ 
ing for security holes on a computer. The 
CTacker's port scanning software methodically 
attempts to connect to each of a computer's 
TCP/EP (TCP/Intemet Protocol) ports, jiggling 
each digital doorknob in search of an unlocked 
port. When a firewall is properly installed, all 
of the doors will be locked tight. 

■ Choose A Firewall. There are two types 
of firewalls: hardware and software. A soft¬ 
ware firewall is a program that runs on your 
PC, while a hardware firewall is a gadget 
about the size of a modem. 

Hardware firewalls, also known as "fire¬ 
wall appliances," can cost as little as $90 or 
as much as several thousands of dollars. 
Don't be scared by the price tag. An inexpen¬ 
sive model, less than $300, will do the job 
nicely for individuals and home offices. 
More expensive firewalls generally provide 
advanced features for corporate enterprises. 
Individuals and SOHO (small office/home 
office) users generally won't need those 
extra features. Besides, the less expensive 
consumer-oriented firewalls are much easier 
to configure. 

■ Good Blocker. A firewall's most basic 
task is keeping the bad guys out. Firewalls 
use a variety of behind-the-scenes tricks to do 
so, and each has its own jargon to go with it. 
NAT (Network Address Translation), for 














Basic configuration of a firewail is a matter of entering 
the right information, provided hy your iSP (internet 
service provider). 



The 0-Link Cahle/DSL internet Gateway is a popuiar router^irewaii. 


example, gives the computers on your 
LAN (local-area network) internal IP 
addresses that are not accessible from the 
Internet. The firewall itself has the only 
outside IP address that's accessible from 
the Internet. Another technique, stateful 
inspection, involves ensuring that every 
packet passed to the computer must be 
part of an existing and valid connection, so 
crackers can't use invalid fragments to 
confuse or crash the computer. 

Some firewalls offer other features that 
you might find useful, including content fil¬ 
tering, virtual private networking, and 
Internet connection sharing. Some firewall 
appliances support these features out of the 
box.' For others, these are optional 
features that can be added later. Still 
others don't support them at all. 

Content filtering may appeal to 
parents and business owners. With 
it, a firewall won't let computers 
access certain information on the 
Internet, such as pornography. 

Virtual private networking can 
come in handy if you work from 
home. It creates an encrypted con¬ 
nection between your computer and 
the office's network, letting you 
access the office's intranet from your PC. 
Because the information transmitted between 
home and office is encrypted, e-mail, pass¬ 
words, and other sensitive information are 
kept away from prying eyes. To utilize a virtu¬ 
al private network, your office will need a 
compatible firewall or router, although it 
doesn't have to be the same model or even 
from the same manufacturer as your firewall 
appliance at home. 

■ A Little LAN. How many computers do 
you want to protect behind the firewall? 

Keeping intruders at bay is only half of the 
story; hardware firewalls do double-duty as 
routers. A router is a device that connects two 
networks, in this case your home network and 
the Internet. That means that, with a router, 
you can set up a LAN andTet several comput¬ 
ers share a single Internet connection. For 
instance, your desktop PC, a notebook, and 
your spouse's Apple Macintosh can be online 
at once, all protected by the same firewall. 

In theory, depending on the firewall you 
use, you may be able to share four, eight, or 
even hundreds of computers on a single 
Internet connection. The speed of your 
Internet connection is generally the limiting 


factor. More than two simultaneous users on 
a dial-up 56Kbps (kilobits per second) 
Internet connection will mean painfully slow 
Web surfing for everyone. 

Before you buy a firewall, decide how many 
computers will be part of your network. Some 
firewalls have just one PC connection port. 
You can either connect it to a single computer 
or attach it to an Ethernet hub for more 
expandability. Some firewaEs include multiple 
PC connection ports, eliminating the need for a 
hub. Four-port firewalls, which let you" attach 
up to four computers, are common for home 
use, although eight or more ports are available 
on pricier models. It's OK to start small. If 
your home network should ever outgrow the 
number of ports on the firewall, you can 
expand by adding a hub later. 

Your ISP's (Internet service provider's) 
terms of service contract may have restrictions 
agamst sharing your Internet connection with 
multiple computers, so read the fine print 
before setting up that LAN. 

■ Install Your Firewail. There are three 
main steps to setting up your hardware 
firewall: physically hooking up the firewall, con¬ 
figuring it, and configuring your computers. 


You'll connect the firewall between your 
modem and the computer via Ethernet 
cables. You'll need standard Ethernet 
cables: Cat-5 with RJ-45 connectors. These 
cables come in two wiring configurations, 
straight-thfough and crossover. Read your 
firewall's manual for directions that are 
specific to your setup. 

Connect your modem's Ethernet port to 
the external network or WAN (wide-area 
network) port of the appliance. You'll prob¬ 
ably use a straight-through Ethernet cable, 
but some modems may require a crossover 
cable, instead. Check your modem's manu¬ 
al to find out which one you need. 

If the firewall will protect a single PC, 
connect the firewall's LAN or trust¬ 
ed network port to the Ethernet 
port on your computer. You'll 
probably use a crossover cable. 

If the firewall will protect more 
than one PC, connect the firewall's 
Uplink port (if there isn't one, use 
the LAN port) to your Ethernet hub 
with a straight-through cable. Then 
connect your hub to Ethernet ports 
on each computer on your LAN, 
also with straight-through cables. If 
the firewall includes ports to con¬ 
nect it to multiple computers, you can connect 
each of the ports directly to Ethernet ports in 
different PCs, without using a separate hub. 

Plug the firewall, your cable or DSL modem, 
and Ethernet hub (if you're using one) into 
electrical outlets. 

Typically, every Ethernet port—on the PC, 
modem, hub, and firewall—has a link bulb 
that will light when a good connection is 
made. If the link light doesn't glow as soon 
as you've made a connection, it's possible 
the cable is bad or that you've used the 
wrong type of cable (for instance, a crossover 
cable when straight-through is necessary). A 
problem with the Ethernet driver on the PC 
can also keep the light from glowing. 

■ Configure The Firewall. Next, you'll 
need to configure the firewall. Most firewall 
appliances use a Web-based configuration 
system (that is, you point your Web browser 
to the firewall to set it up), although some 
appliances use a custom configuration 
application instead. 

Configuration with Web-based or custom 
software is quick and easy, but take the time to 
read the manual or on-screen help. A mistake 
can create a security hole that renders the fire- 
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Visit the manufacturer’s Web site once a month to check 

for upgrades to your firewait. 


wall useless or cuts you off from the Internet 
entirely. Some firewalls may let you configure 
with a command line using Telnet, a tedious 
and confusing method that is best avoided. 

Open your Web browser. In the address 
field, enter the local IP address of the firewall, 
which will be specified in the manual. You 
may have to log in with an administrator's 
username and password. 

You'll need to enter information about your 
Internet connection. Many Internet service 
providers use DHCP (Dynamic 
Host Configuration Protocol) or 
PPPoE (Point-to-Point Protocol 
Over Ethernet), either of which 
makes setup quite easy. If yours 
does, simply enable DHCP or 
PPPoE on your firewall. 

If your Internet service provider 
doesn't use DHCP or PPPoE, 
you'll have to provide the firewall 
with more information, including 

your static IP address, host name, _ 

domain name, and domain name 
server information. Your ISP can supply you 
with this information. 

You will need to enter information about 
your PC or LAN, such as the IP address and 
subnet mask. You may also need to tell the fire¬ 


wall how many computers will be connected to 
it. Follow the foewall manual's guidelines here. 

■ PC Settings. Now it's time to configure 
each PC that will be connected to the firewall. 
Again, check your firewall's manual for direc¬ 
tions for your particular system. Depending on 
those instructions, you may have to configure 
your computer first. 

Click the Start menu, select Settings, and 
click Control Panel. Open the Network control 


panel and choose TCP/IP Network Adapter. 
Click the IP Address tab. If your firewall will 
work as a DHCP server for the LAN (which it 
may do even if your ISP doesn't actually sup¬ 
port DHCP), click Obtain An IP Address 


Automatically. If the firewall does not sup¬ 
port DHCP, you may have to specify a new 
IP address. 

Click the Gateway tab. If your firewall sup¬ 
ports DHCP, remove any installed gateways. If 
not, you'll need to enter the IP address of the 
firewall. Then, reboot your computer. Test to 
make sure you can access the Internet. 
Remember to repeat these steps for each com¬ 
puter that is connected to the firewall. 

■ The Rules. You will need to 
specify a set of rules for the fire¬ 
wall to follow, telling it what 
Internet traffic is and isn't 
allowed. The firewall's default 
rule set may be just fine, but you 
may need to fine-tune the rules, 
depending on exactly which 
Internet applications you use. 

For each packet of information 
that passes through, a firewall fol¬ 
lows a list of rules to decide what 
to do with that packet. The sim¬ 
plest and most secure rule set (and the default 
setting on most consumer-level firewalls) is to 
let all outgoing requests through, but not let 
any incoming requests through. These two 
rules will let you do most of your normal 
online activities, such as checking e-mail and 
surfing the Web. In each case your computer is 
making the request, because you are asking for 
the Web page or to receive e-mail. 

If you use software that requires other com¬ 
puters on the Internet to connect to your PC (if, 
for example, you run a Web server or mstant 
messaging client or play network games), the 
software won't work with these basic rules. In 
that case, you'll need to create exceptions to 
your firewall's no-incoming-traffic policy. 

You may wish to create a rule that lets 
inbound traffic access the ports used by the 
software being shared. For instance, Yahoo! 
Messenger Chat requires inbound access to 
TCP ports 5000 and 5001, and Napster requires 
inbound access on TCP port 6699. To find out 
what ports your software needs to access, read 
the software's documentation. (You may be 
able to find the application's required ports at 
or see the Special Application Port List at 


Your Own Private Firewall 


I f you have a spare com¬ 
puter lying around and 
enjoy tinkering, consider 
building your own fire¬ 
wall/router with the help of 
free software. Any old PC 
will do, even a 386 that’s 
been collecting dust. The 
PC doesn’t even need a 
hard drive, but it will need 
two Ethernet cards: one to 
connect to the cable 
modem and one to connect 
to your PC or hub. 

Once that old computer 
is dusted off and working. 


you’ll need some firewall 
software. GNAT Box Lite 
(http://www.gnatbox.com 
/Pages/gblight.html) is one 
such firewall, a floppy- 
diskette based system that 
includes its own operating 
system. Another choice is 
the Linux Router Project 
(http://www.linuxrouter.org), 
a microdistribution of Linux 
that also fits on a floppy 
diskette. 

Building your own fire¬ 
wall isn’t for everyone. “I 
don’t believe the average 


home user can do it right,” 
says Roger Blohm, direc¬ 
tor of managed services at 
Satel, an information secu¬ 
rity solutions provider. “It’s 
hard to know if you’ve 
made a mistake until you 
have a problem.” Even 
though setup can be 
practically free, there are a 
few disadvantages. A PC 
firewall generates more 
noise, heat, and consumes 
more electricity than a fire¬ 
wall appliance. ■Q 
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Check Out Our Top Picks: 

Shopping For Firewalls 

I Zone Labs ZoneAlarm 
I Pro; $39.95; 

I http://www.zonealarm 
.com 

I NETGEARRT311 
I DSL/Cable Modem; 
j $89.99; http://www 
.netgear.com 

Notes: Norton Personal Firewall 2002 Is also Included in Symantec's Norton Internet Security 2002 suite. 
D-LInk's DI-704 Internet Gateway includes four Ethernet ports. 


Software 

Network ICE BlackICE 

Symantec Norton 


Defender; $39.95; 

Personal Firewall 2002; | 


http://www.networkice 

$49.95; I 


.com 

! 

http://www.symantec I 
.com I 

Hardware 

D-Link DI-704 

Linksys BEFSR41 


Cable/DSL Internet 

Cable/DSL Router; j 


Gateway; $119; 

$79.95; ; 


http://www.dlink.com 

http://www.linksys.com 1 


Drolet says. "Security is only as good as the 


http: / / www.practicallynetworked 
.com/sharing/app_port_list.htm. Remember 
that some programs require access to many 
ports in order to work properly. 

There's a catch: When you let inbound 
traffic through a port, the firewall can't pro¬ 
tect it, so your computer is a bit less secure. 
By letting traffic through a port, you open 
yourself up to any security flaws that exist in 
the software that uses that port. A bug in 
that software .could give a 
cracker access to your entire 
system, rendering the fire¬ 
wall useless. 

Avoid creating too many 
rules inside your firewall. 

"Unless you are an enterprise, 
there is no reason to have a lot 
of rules within the firewall," 

Drolet says. "If you create 
rules, sometimes you create 
holes." 

■ Keep The Fire Hot. After 
it's installed and configured, 
you can enjoy your normal 
online activities without thinking 
much about the firewall. But don't for¬ 
get about it entirely. In order to keep 
your system secure, you should peri¬ 
odically check for updates to the fire¬ 
wall's internal software (known as 
firmware). Visit the manufacturer's Web 
site once a month to check for upgrades 
to your firewall. If one is available, 
download and install it. 

With the latest firmware installed, 
your computers will remain protect¬ 
ed as new security threats are dis¬ 
covered. "Security is dynamic," 


latest update." 

Before you choose a firewall, find out the 
manufacturer's policy on upgrades. Is there an 
annual subscription fee for access to upgrades? 
Will the manufacturer notify you when a new 
upgrade is available? 

Installing an upgrade is easy: Simply 
download and run the updated application. 
In a few moments, the program will save 


a new version of the firmware in the fire¬ 
wall's memory. 

■ How About A Software Firewall? If 

you can't afford a hardware firewall, use a 
software firewall, a protection that runs on 
your PC rather than on separate hardware. 

Software firewalls have their own advan¬ 
tages and disadvantages. Software firewalls 
are certainly less expensive than hardware 
appliances. For instance, McAfee Personal 
Firewall costs $29.95 per year and ZoneLabs 
ZoneAlarm Pro has a one-time cost of $39.95. 

That cost can add up if you need to 
protect multiple computers. Although a 
hardware firewall appliance can protect all 
computers on a LAN, a software firewall 
only protects a single PC, so you may need 
to buy a license to protect each computer. If 
you use some combination of Windows, 
Macintosh, and Linux, you'll need to learn to 
use multiple software firewalls. 

If you use an analog modem rather than cable 
or DSL, a software firewall is your only choice. 
Analog modems don't have Ethernet ports, and 
hardware firewalls need to connect with 
Ethernet. Thus, you can't easily connect the two. 

Software firewalls use the 
computer's processor to exam¬ 
ine Internet traffic. This adds a 
certain amount of overhead 
that can slow down your 
online activities. "If you have a 
powerful enough machine, a 
software solution is fine. But a 
home user who hasn't bought 
a new machine for four years 
will find that his machine is 
basically already tapped out. 
By adding that software, they 
will see a performance issue," 
says Roger Blohm, director of 
managed services at Satel, an 
information security solutions provider. 

Software firewalls offer a feature 
lacking in some hardware appliances: 
notification when untoward activity is 
going on. Although a hardware fire¬ 
wall silently keeps trouble at bay, a 
software firewall can alert you with 
an on-screen warning. "Without noti¬ 
fication, it's like having an alarm 
system but not calling the police when 
someone breaks in," Blohm says. 

Software can also do something 
that inexpensive hardware firewalls 
don't: search for viruses and Trojan 
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No computer protection system is perfect, 

short of unptugging the machine from the internet and iocking it in Fort Knox. 



Practically Networked offers firewall reviews, news, networking 
advice, how-tos, and troubleshooting guides. 


horse programs. A hardware firewall 
will simply let all e-mail in, and those 
e-mail messages can contain disrup¬ 
tive and dangerous attachments. A 
software firewall or antivirus pro¬ 
gram can catch these before they 
cause damage. 

For maximum secmity, use a com¬ 
bination of hardware and software. 

"A hardware firewall solves half the 
problem. The combination of hard¬ 
ware and software firewalls with 
anti virus software provides the extra 
level of protection and peace of 
mind," says Frederick Felman, vice 
president of marketing at ZoneLabs. 

"Hardware firewalls provide pro¬ 
tection for incoming threats only. 

They do not provide outbound protec¬ 
tion from programs like Trojan hors¬ 
es," he says. Outbound filtering pro¬ 
vides an additional check of outgoing 
communications. If malicious soft¬ 
ware gets past the PC's other defenses, the 
software firewall can intercept the virus before 
it can spread further. 

■ But I Can’t Afford A Firewall. If a 

software firewall isn't in the budget either, 
take steps to make your Windows PC as 


secure as it can be—for free. These changes 
will ensure that random Internet users won't 
be able to read and download your files, but 
they won't provide the same level of protec¬ 
tion as a firewall. Your PC will still be sus¬ 
ceptible to many kipds of attacks, but they're 


changes will disable your computer's 
ability to receive incoming requests. 
You won't be able to run a Web serv¬ 
er or receive NetMeeting calls, 
for instance. 

If you have only one PC on your 
Internet connection, you can keep 
your files safer by removing 
Microsoft Networking from your 
computer. In Windows 95 or 98, click 
Start, Settings, and Control Panel. 
Open Network, select Client For 
Microsoft Networks, and click the 
Remove button. Click OK and reboot 
your computer. 

If several computers share one 
Internet connection, you can keep your 
files safer by unbinding Microsoft 
Networks from TCP/IP on each PC. In 
the Network control panel, select the 
TCP/IP component. (If you see more 
than one, be sure to choose the one 
that points to your installed Ethernet 
card.) If there is a Bindings tab in the TCP/IP 
Properties pane, click it, and then uncheck 
Client for Microsoft Networks, File and Printer 
sharing for Microsoft Networks, and Microsoft 
Family Logon. Click OK and reboot the 
computer. 

■ Fire It Up. No computer protection sys¬ 
tem is perfect, short of unplugging the 
machine from the Internet and locking it in 
Fort Knox. But you can have the next best 
thing. You can provide strong protection by 
investing a few dollars in firewall hardware 
and software and by taking a little time to 
learn how to use it. 

Combine that with antivirus software and a 
regular backup plan, and your computer will 
be secure enough to discourage most crackers, 
script kiddies, port sniffers, and other trouble¬ 
makers who lurk on the Internet, [u] 

by Kevin Savetz 


better than nothing. As a side effect, these 


For More Information 


T he following Web sites 
provide additional infor¬ 
mation about firewalls and 
Internet security. 

Practically Networked 
(http://wviw.practically 
networked.com) offers infor¬ 
mation about choosing, 
installing and troubleshoot¬ 
ing firewalls, routers, and 
wireless networking 
products. Shoppers will find 
many reviews of firewalls 
and routers, along with 
helpful explanations. 


Technocopia (http://www 
.technocopia.com 
/homenetwork.html) serves 
up articles and tips about 
home networking, including 
firewalls, cabling, and the 
intricacies of Ethernet. 

Microsoft’s Safe 
Internet site (http://www 
.microsoft.com/privacy/ 
safeinternet/) explains how 
to protect yourself from 
crackers, viruses, worms, 
spam, and other trouble on 
the Internet. 


Steve DeRose’s guide 
to CATS computer net¬ 
work wiring (http://www.stg 
.brown.edu/~sjd/wiring/CAT 
5-wiring.html) explains 
Ethernet wiring, cables, and 
connecting to DSL (Digital 
Subscriber Line) or cable 
modems. 

ThreeMacs.com offers 
tips on using firewalls with 
Macintosh computers. 
(http://wviw.threemacs.com/ 
network/tutorial/ 
security_internet.html) LJ 
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Attractive. Smart. Unattached. 

If only you could find a guy with these qualities, 


Do you believe In love at first sight? Consider this; Our new chrome keyboards and 
mice are as delightful to touch as they are to behold. Whether you want state-of-the-art 
optical and RF cordless technology, or traditional corded product, Memorex 
has your perfect match, For a closer look, go to memorex,com, Because 
with five new mice and four new keyboards, this could be the beginning of 
a beautifui reiationship. 
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Mass Storage: 

A Place For Everything 

The Scoop On Hard Drives, Optical Drives, Tape Drives 
& More 



I n the 1960s and 1970s, families growing 
toward the proportions of the TV fami¬ 
lies in "The Brady Bunch" or "Eight Is 
Enough" had a choice between station 
wagons and vans. In the 1980s, Detroit 
spawned the uniform vehicle of choice of sub¬ 
urban soccer moms with 2.5 kids: the minivan. 
In rebellion, the rest of the market with lots of 
stuff to haul chose trucks or sport-utility vehi¬ 
cles. In all of the above cases, drivers with 
more kids and luggage than their old cars 
could hold were obliged to choose a vehicle 
with more storage space. 

The same thing may happen with your PC. 
After years of installing applications, scanning 
photos, and accumulating e-mail, your poor 
PC may be ruiming out of space to store it all. 
The traditional remedy is to uninstall pro¬ 
grams you don't use and delete files you no 
longer need. If this doesn't give you enough 
elbow room, it may be time to consider a new 
mass storage device. 

Of course, now the real decision will hit you: 
What type of storage do you need? There are 
several major types of devices, all with their 
own merits. For example, an optical drive may 
give you cheap storage for data backups, while 
a bigger hard drive will let you install more 
applications. We'll explain what's out there 
and give you an idea of the costs involved. 

0 Hard Drives. It's almost inconceivable 
now, but just over a decade ago, some com¬ 
puters still used floppy diskette drives as 
their sole means of mass storage. This meant 
that users had to stick a diskette into the 
drive before booting in order to load DOS or 
another OS (operating system) into memory. 
And when a user wanted to run a particular 
application—you guessed it—he had to 
swap diskettes and load the program, very 
slowly. At least it was faster than the exter¬ 
nal tape drives used with certain previous 
home computers. 


The hard drive changed all that. Using per¬ 
manent internal aluminum disks with magnetic 
coatings, early PC hard drives could store 15 or 
more diskettes' worth of data. Electromagnetic 
read/write heads inside a drive alternately 
sensed or altered the magnetic patterns on the 
spinning disks' surfaces to read or store data. 
Users could boot their systems using OS data 
stored on the hard drive, then load applications 
stored on the same device. Even better, hard 
drives were generally much faster at saving or 
retrieving data than diskette drives, thereby 
greatly speeding up computing sessions. 

Today, the hard drive is an indispensable 
part of any desktop computer. When yours 


starts to get too full, you'll have to get rid of 
some data, add another hard drive, or replace 
the drive you have. We no longer recommend 
compressing the data on your hard drive, 
which means using a utility such as Windows 
98's DriveSpace 3 to compact your data to take 
up less space. Compressing a hard drive 
makes your system much slower, as it has to 
take the time to decompress the data it reads 
from the drive and compress the data it writes 
to it. Besides, storage is cheap today, making 
hard drive compression less attractive. 

Some early hard drives had price tags in the 
thousands of dollars, despite having capacities 
of just SMB to 40MB. For perspective, a user 
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Maxtor’s Personal Storage 3000LE ($199.95) is 
an external hard drive that hooks up to a USB 
(Universal Serial Bus) 2.0 or 1.1 port Maxtor also 
sells similar IEEE 1394 (FireWire) external drives. 

today may have single MP3 song files larger 
than a SMB hard drive could hold. Of course, 
applications and OSes were much, much 
smaller in the DOS days before pretty graphics 
became the norm. 

Fortunately, today hard drives sell for as lit¬ 
tle as $79 and can store thousands of times 
more data than those fragile early versions. At 
the time we went to press with this issue, cer¬ 
tain 30GB hard drives were selling for less 
than $100. See the "Advances In Hard Drive 
Technology" sidebar in this article for some 


reasons why today's 
hard drives are contin- 
M uously getting faster 
and more spacious. 

Hard drive vendors 
sell both internal and 
As 

you've probably guessed, an 
internal drive mounts inside the 
computer case, while an external 
drive sits outside the PC and connects 
to it with a cable. Most consumer comput¬ 
ers now use 3.5-inch hard internal drives 
(referring to the approximate diameters of the 
hard disks, or platters, inside) that are compat¬ 
ible with the IDE (Integrated Drive Electronics) 
or EIDE (Enhanced IDE) interface. Internal dri¬ 
ves connect to an unused power connector 
from the computer's power supply and to a 
ribbon cable that links it with the motherboard 
or a controller card. 

External drives use cables to connect to a 
compatible port on a PC, using interfaces such 
as IEEE 1394 (Institute of Electrical and 
Electronics Engineers; also called FireWire or 
iLink) or USB (Universal Serial Bus) 1.1 or 2.0. 
Most external drives come with AC adapters 
that supply their power. Some external drives 
are marketed as portable drives, meaning that 


Return On Investment Chart: 

Mass Storage 

I n the chart below, you’ll find 
our writers’ and editors’ opin¬ 
ions about which sorts of 
upgrades in this area offer the 
best ROI. In an effort to reflect 


the situational nature of such 
estimations, we’ve divided the 
chart amongst various types of 
users. Please remember that 
your situation may not fit neatly 


into these categories; thus, the 
chart is meant as a starting point, 
not as an accurate and compre¬ 
hensive reflection of your specific 


they're designed to stand up to reasonable rig¬ 
ors during travel. Generally, manufacturers 
make portable drives out of 2.5-inch notebook 
hard drives, which are designed from the 
ground up to withstand more physical knocks 
than typical 3.5-inch desktop drives. Some 
credit-card-sized hard drives, such as 
Toshiba's 5GB MK5002MPL ($399), fit into PC 
Card slots on notebooks, and IBM's even 
smaller 1GB Microdrive ($369) slips into 
CompactFlash Type II slots in certain digital 
cameras, handheld computers, and digital 
music players. 

See the article, "Add A Hard Drive For 
More Storage" on page 110, to learn how to 
choose and install a hard drive. Meanwhile, 
see the following sections of this article for 
other storage options that are suitable for 
archiving data that you want to move off your 
-hard drive, but you don't want to lose. 

On a side note, some new computer users 
often confuse hard drive space with system 
memory, or RAM. RAM, whether SDRAM (syn¬ 
chronous dynamic RAM), DDR (double-data 
rate) SDRAM, or RDRAM (Rambus DRAM), is 
simply a temporary storage place for data that 
erases itself when you shut off your computer. 
Today, most PCs come with 128MB to 512MB of 
RAM, running the gamut from budget to high- 
end systems. In contrast, your 
hard drive retains its data even 
without power, just like a 
diskette. Most desktop PCs come 
with 20GB to 100GB hard drives 
today, depending upon their 
price category. 


Type Of 
Upgrade 


Estimated Return On Investment 
(On A Scale Of 1-10) 



Home 
; User 

Business 

User 

Graphic 

Artist 

Avid Web 
Surfer 

Avid 
Gamer ) 

Hard Drive 

I 8 j 

8 

10 

9 

1 10 I 

CD-RW Drive 

10 

7 

^8 

7 

: 7 ! 

DVD Drive 

7 

7 

10 

4 

i 4 

Removable 

Cartridge 

Drive 

4 

4 

6 

4 

I 2 i 

I 

Tape Drive 

5 1 

10 I 

8 

5 

5 j 

Magneto- 
Optical (MO) ^ 
Drive 

2 ; 

8 

8 

2 

2 I 


Comments 

7,200rpm drives boost system 
[ speed 

t Music, photo, and backup uses 
I Cavernous capacity; home 
I movies 

i Not very cost-effective anymore 


I Reliable, manageable backup 
i Rugged, fast backup; costs more 
j than CD-RW drive 


■ Optical Drives. As new soft¬ 
ware made the transition from 
diskettes to CD-ROMs, CD-ROM 
drives became more popular in 
PCs. CDs are optical media 
rather than magnetic media like 
the platters in hard drives, mean¬ 
ing compatible drives read them 
by sensing their subsurface vari¬ 
ations with a laser. However, 
like hard drives, optical drives 
are must-have items today 
because many software titles 
only come on CD. 

The hot development in the 
last few years has been the 
spread of writeable and rewrite¬ 
able optical formats, such as 
CD-RW (CD-rewriteable). Com¬ 
patible drives are available in 
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Onstream’s new 6000 ADR2.60ide tape drive ($499) uses an IDE 
(Integrated Drive Electronics) interface instead of the more traditional 
SCSI (Small Computer System Interface). IDE has become fast enough to 
support any tape drive, and costs less to implement than SCSI. 


internal and external models. 

VirtuaUy aU CD-RW and DVD dri¬ 
ves can read CD-ROMs, so you can 
replace your existing CD-ROM 
drive with one. Rewriteable optical 
formats can be confusing, though, so 
we'll explain them as best we can. 

Note that not all optical drives are 
created equal. Manufacturers give 
them speed ratings, such as 16X, to 
tell you how fast they can read or 
write data. For CD drives, a IX 
speed rating equals about ISOKBps 
(kilobytes per second). DVD-ROM 
drives, often generically called DVD 
drives, have different speed ratings 
than CD drives; a IX DVD drive is 
able to read 1.35MBps (megabytes 
per second). Currently, 48X CD- 
ROM drives sell for $47 and up, 
while a 72X Kenwood TrueX—if 
you can find one—should cost $115 or less. 

CD-RW. CD-RW drives can write to two 
basic disc formats: CD-RW and CD-R (CD- 
recordable). Either one can store up to 650MB 
or 700MB, depending upon the type of blank 
discs you buy. As users can put music, data, 
photos, or video on CD, CD-RW drives have 
far more uses than a simple data backup. An 
8X/4X/32X (write to CD-R/rewrite to CD- 
RW/read) internal CD-RW costs about $99 to 
$124 today, while a faster 24X/10X/40X goes 
for about $149 to $249. 

CD-RW is a rewriteable disc format, mean¬ 
ing you can erase what's on a disc and replace 
it with something else. Its downside is that 
most audio CD players, such as those in home 
or car stereo systems, can't play songs stored 
on CD-RWs. CD-RW discs sell for about $1 
apiece in packs of five to 25. 

CD-R discs, on the other hand, permanently 
store what you write to them. Ydu can't record 
over data you've saved to CD-R, although you 
can keep writing data to a particular disc until 
it's full. Despite this limitation, CD-R is popu¬ 
lar because it's compatible with most audio 
CD players. It's also cheaper than CD-RW, at 
about 50 cents per disc when bought in bulk, 
although frequent rebates and special offers 
often halve that price or better. 

Be mindful when you buy CD-R or CD-RW 
discs that they are certified for the speeds at 
which you plan to burn (record) discs. For 
example, if you buy inexpensive discs that are 
rated for IX to 8X recording speeds for your 
12X/10X/32X drive, don't try burning at 
speeds greater than 8X; you'll probably get 



Iomega’s Peerless removable cartridge drive 
($359.96 to $399.95) uses 10GB or 20GB 
cartridges ($159.95 and $199.95, respectively). 
It approaches hard drive speeds because Its 
cartridges are built with similar components. 


errors. Note that a disc burned at one speed 
looks the same to optical drives as a disc 
burned at a faster or slower speed. Recording 
speeds only make a difference in how long the 
burning process takes. 

DVD formats. Unfortunately, recordable 
DVD formats are locked in a confusing, three- 
way tug-of-war. To judge battles by previous 
standards among similar technologies, we pre¬ 
dict only one, perhaps two, of these formats 
will ultimately flourish, perhaps in combina¬ 
tion drives that can use more than one format. 

DVD-RAM led off the recordable/rewriteable 
DVD battle a few years ago. Its discs come in 


cartridges, although you can 
remove the disc from a Type n car¬ 
tridge to play it in a regular DVD- 
ROM drive or DVD video player. 
However, many players can't play 
discs recorded in DVD-RAM drives. 
DVD-RAM never really flew off the 
shelves, and with the arrival of 
newer bare-disc formats, such as 
DVD+RW and DVD-RW, it may not 
spread far beyond its installed base. 
Single-sided DVD-RAM cartridges 
can store 2.6GB ($17; prices approxi¬ 
mate) to 4.7GB ($23); double-sided 
cartridges can store 5.2GB ($21) to 
9.4GB ($42). DVD-RAM drives cost 
about $479 and up. 

DVD-RW drives from Pioneer 
(about $995) can use rewriteable 
4.7GB DVD-RW ($16) or recordable 
4.7GB DVD-R discs ($10). They also 
can produce DVD-R discs that play in most 
home DVD video players. But their DVD-RW 
video discs have a more limited compatibility. 

HP's DVD+RW format, on the other hand, 
can make rewriteable video DVD+RWs that 
play in most DVD players, which means you 
can reuse a single disc to record TV shows like 
a videotape. DVD+RW drives can also write to 
DVD+R discs. HP's 2.4X/8X (rewrite/read) 
DVD-writer dvdlOOi drive costs about $599. 
And 4.7GB DVD+RW discs cost $13 to $16, 
while DVD+R media should cost a little less. 

Note that recordable/rewriteable DVDs for 
general consumer use may have copy-protec¬ 
tion technology, so don't plan on copying DVD 
movies as easily as CD-RW drives duplicate 
audio CDs. Speaking of which, some rewrite¬ 
able DVD drives can also read and write to CD- 
RWs and CD-Rs, so shop carefully. 

■ Removable Cartridge Drives. Before 
CD-RW drives stole much of their market, 
removable magnetic cartridge drives such as 
Iomega's Zip or Jaz represented a practical 
way to carry 100MB to 2GB around in a single 
cartridge. Such drives have reliable, diskette¬ 
like cartridges that resist damage better than 
bare optical discs, but those cartridges also 
cost much more to make. The result is that 
consumers would rather buy 25-cent, 700MB 
CD-Rs over $10,100MB or $15, 250MB Zip 
disks. CD-RW drives can also make CD-Rs 
accessible from any CD-ROM drive, whereas 
removable cartridge users must each have the 
same type of drive in order to exchange files in 
a similar maimer. 
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Like hard drives and optical drives, remov¬ 
able cartridge drives come in internal and 
external configurations. Some even come with 
parallel port connectors for compatibility with 
many pre-USB PCs. Others, such as Iomega's 
Zip 250MB USB-Powered drive, get their 
power through a USB cable rather than 
through a separate power adapter. 

Iomega's Zip drive is the most popular 
removable cartridge format. Zip drives are 
priced as low as $69.95 for a 100MB drive to 
$129.95 for a 250MB internal model compatible 
with 100MB disks. The Zip drive will probably 
live on for several more years, as its installed 
base is huge. It was so popular, in fact, that it 
all but buried the competing 120MB SuperDisk 
format, whose drives were backward-compati¬ 
ble with ordinary diskettes. 

Speaking of SuperDisks, we recently tested a 
QPS Que! 240MB SuperDisk FD32MB external 
drive ($159.95). Its claim to fame, besides using 
scarce 240MB SuperDisks ($33), is that it can 


reformat your 1.44MB floppy diskettes to 32MB, 
albeit ones that only work in that type of drive. 
We don't recommend that you buy a SuperDisk 
drive, but a drive like this could make sense if 
you want to reinvigorate a lot of diskettes you 
already own rather than start over with a new 
cartridge format. 

The dark horse in this race, Castlewood's 
speedy ORB drive, could have kept Iomega's 
2GB Jaz drives ($274.95, internal) from gaining 
such a following in the audiovisual business 
world, but the Jaz became a household name 
before the 2.2GB ORB drive ($149.95 and up) 
even arrived. ORB's 2.2GB disks cost $29.95. 
Castlewood also sells internal 5.7GB ORB drives 
($359.90), while 5.7GB disks retail elsewhere 
online for $36 to $51. 

Iomega hopes its Peerless drive ($359.95 to 
$399.95), which is more nearly a dockable 
hard drive bay than a cartridge drive, will 
revive interest in the magnetic cartridge sec¬ 
tor. The Peerless uses 10GB ($159.95) or 20GB 


($199.95) cartridges whose internal parts 
resemble those of hard drives more than 
diskettes. It's capacious enough to back up 
your system and fast enough in its IEEE 1394 
(FireWire) incarnation ($359.95 with 10GB 
disk) or upcoming USB 2.0 variant to use as 
an extra hard drive. Of course, with Maxtor's 
huge 160GB DiamondMax D540X hard drive 
also selling for about $399, the Peerless may 
have a tough road ahead. 

■ Tape Drives. Magnetic tape drives can 
only access data sequentially instead of ran¬ 
domly like a hard drive, which is why they're 
too slow to use as main storage. For this rea¬ 
son, they're best suited to backing up data. 
Tape drives are especially entrenched in the 
business world, although the low costs and 
capacities of rewriteable DVD and CD formats 
are becoming more attractive to home and 
small-office users. Manufacturers typically 
express cartridge capacity in both native 
(uncompressed) and compressed forms, such 
as 10GB native/20GB compressed. 

A popular choice for home users is a tape 
drive that uses the Travan format, such as 
Imation's Travan FireWire 20GB drive ($479.95). 
10GB/20GB Travan tapes cost about $41. On 
the business side. Onstream's new 30GB/60GB 
ADR2.60ide drive ($499) is a new choice for a 
department's or small office's backups. It comes 
with disaster recovery software and IDE inter¬ 
face support, and it has an advertised top trans¬ 
fer rate of 5MBps. Its tapes cost about $69. 
Larger businesses may rely on tape formats 
such as Super DLT (Digital Linear Tape) or 
Ultrium, an LTO (Linear Tape Open) variation. 

■ Other Options. One removable cartridge 
format we haven't discussed is MO (magneto¬ 
optical). Although it's more expensive than 
most optical formats, its 650MB to 9.1GB car¬ 
tridges are considered tougher and more reli¬ 
able than DVDs or CDs. Its superior speed also 
endears it to businesses. 

Finally, thumb-sized flash memory 
devices such as the 16MB EasyDisk ($39) 
aren't really mass storage, although upcom¬ 
ing capacities such as 512MB and 1GB may 
make these something more than just bigger 
substitutes for diskettes. These devices are 
generally Plug and Play with the USB ports 
on PCs running Windows Me or newer, and 
they work in Windows 98 with a driver you 
can download. S] 

by Marty Sems 


Advances In Hard Drive Technology 


H ard drives are undoubt¬ 
edly the most important 
computer storage option. 
Happily, they're also storing 
more data, accessing it 
more quickly, and costing 
less all the time. A primary 
driving force behind all 
three trends is the increas¬ 
ing amount of data manu¬ 
facturers can reliably fit in a 
square inch of media (that 
is, a hard disk platter). This 
is called the areal density, 
measured in Gb (gigabits) 
per square inch or, more 
simply, in the number of GB 
each platter can hold. 

Today, manufacturers 
such as Seagate and 
I Maxtor produce drives with 

[ 40GB per platter, using 

undisclosed materials that 
I may include the elements 

[ ruthenium or iridium. IBM 

announced in May that a 
layer of ruthenium just 
three atoms thick (nick¬ 
named “pixie dust”) was 
the key to its then-new 


AFC (antiferromagnetically- 
coupled) recording media. 
While Seagate’s U Series 6 
is still on the areal density 
frontier at 32.6Gb per 
square inch, IBM predicts 
100Gb-per-square-inch dri¬ 
ves could arrive by 2003. 

Higher areal densities not 
only add storage space, 
they also boost perfor¬ 
mance. With denser data, 
hard drives can read more 
data with each revolution of 
its platters. And denser plat¬ 
ters mean manufacturers 
need fewer of them to make 
drives with large capacities, 
thereby cutting costs. 

New hard drives also run 
more quietly than earlier 
models, using improve¬ 
ments such as acoustically- 
optimized movements of 
the read/write heads and 
motors with FDB (fluid 
dynamic bearings). Hard 
drive motors with FDB, an 
option in Maxtor’s new 
DiamondMax D740X, spin 


in cushions of liquid. FDB 
bearings are quieter and 
more reliable than tradition¬ 
al ball bearings. Quiet dri¬ 
ves are mainly important in 
fanless appliances such as 
DVRs (digital video 
recorders), game consoles, 
and digital music jukebox¬ 
es. Seagate says its FDB- 
equipped 40GB Barracuda 
ATAIV drive registers at 
just 2.4dB (decibels) while 
seeking data, which is 
under the threshold of 
human hearing. 

Finally, Maxtor’s new 
UltraATA/133 interface can 
support today’s and yester¬ 
day’s IDE drives, as well as 
future drives that may 
approach its 133MBps 
(megabytes per second) 
data transfer limit. The 
upcoming Serial ATA stan¬ 
dard should debut with a 
ISOMBps carrying capacity, 
along with thinner ribbon 
cables to improve cooling air¬ 
flow in computer cases. , J 
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■IShSS 


Add A Hard Drive 
For More Storage 

The Formerly Untouchable Upgrade 
Has Come A Long Way 


O nce upon a time, hard drive upgrades 
were a pain in the neck. Users who 
wanted to replace an existing hard 
drive or add a second hard drive to their sys¬ 
tems had to deal with jumper configurations, 
BIOS (Basic Input/Output System) settings, 
and boot options. They also had to face some 
pretty hefty risks, not the least of which were 
total data loss and system failure. 

Boy, how things have changed. 

Today, hard drives are a 
snap to upgrade, particularly if 
you use the proprietary instal¬ 
lation software that came with 
the drive. This software moni¬ 
tors the status of the drive as 
you instail it and reports any 
problems that occur. It assists 
you in resolving trouble spots, 
including BIOS limitations and 
device conflicts. The software 
also helps you format the 
drive, partition the drive, and 
port data from one drive to 
another. The bottom line is that 
you can avoid problematic 
upgrades simply by following 
directions and using the instal¬ 
lation software included with 
your new drive. 

■ Make The Most Of What 
You’ve Got. Actually, you 
may be able to avoid these 
upgrades altogether just by 
cleaning up that old drive. The following main¬ 
tenance tasks, when performed regularly, can 
help you gain much needed hard drive space. 

Eliminate drive errors. Drive errors are 
minor problems that affect tiny areas of the 
hard drive, preventing the storage of data in 
that particular location. Some of the most com¬ 
mon drive errors are bad sectors (areas of the 
drive that cannot hold data) and lost clusters 
(areas of the drive that the hard drive believes 


to be in use but aren't). Fortunately, you can 
eliminate these errors and gain storage space 
simply by running ScanDisk. 

ScanDisk finds drive errors and fixes them. 
You can access ScanDisk by opening the Start 
menu and burrowing through the Programs, 
Accessories, and System Tools folders. You 
should run ScanDisk once a week. 

Defragmenting the fragments. Drive 
defragmentation, which is essentially the 


process of organizing data on the drive, is 
another wafto-pick up more storage space on 
the hard drive. How? Let us explain. 

Data on the drive is stored in small pieces, 
called fragments, and these fragments are situ¬ 
ated on the drive by the OS (operating system). 
Under ideal circumstances, the fragments are 
arranged in a manner that allows for efficient 
retrieval by the OS. As you add new data and 
delete old data, however, things get a little 


messy. The fragments end up scattered all 
across the drive. Such fragmentation, as it's 
called, results in inefficient data storage. 

To solve the problem, you need to run 
Disk Defragmenter. This handy maintenance 
tool reorganizes the data on the drive, there¬ 
by reclaiming at least a few megabytes 
of storage space. You can access Disk 
Defragmenter by opening the System Tools 
folder on the Start menu. Run the utility at 
least once every six months. 

Delete unnecessary data. Finally, you 
should clean the hard drive of unnecessary 
data files, including temporary files, cached 
Internet files, and downloaded program files. 
The easiest way to eliminate these files is to 
use the Disk Cleanup utility, which comes 
with Windows 98, Windows Me, and 
Windows 2000. This utility lets you designate 
which files you want deleted, then it searches 
them out and gets rid of them. You can access 
Disk Cleanup by opening the Start menu and 
burrowing through the Programs, Accessories, 
and System Tools folders. 

You can pick up more room by unin¬ 
stalling the programs you no longer use 
anymore and offloading old data files to 
i backup drive. Use the Add/Remove 
Programs utility, which you'll find in 
the Control Panel, to eliminate 
unwanted programs. Use Win¬ 
dows Explorer, which you'll find 
in the Start menu, to move old 
data files to a backup drive. 

(NOTE: Although disk com¬ 
pression was once a popular way 
of maximizing storage space on a 
hard drive, we no longer recom¬ 
mend it. Disk compression effec¬ 
tively shrinks the data so that you 
can fit more of it on a hard drive. 
Unfortunately, it presents too 
many problems, including a rela¬ 
tively high likelihood for data cor¬ 
ruption, to be practical today.) 

m When All Else Falls, 
Upgrade. Drive maintenance may be able to 
breathe new life into an out-of-shape drive, 
but it cannot revive a dead drive or compen¬ 
sate for a drive that is dreadfully undersized 
for its situation. In such cases, an upgrade 
becomes necessary. 

The good news is that buying a hard drive 
is about as complicated as buying a pack of 
gum. The industry has standardized a few 
key specifications, so just about any drive 
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As capacities increase and prices decrease, hard drive upgrades have become 
quite popuiar. Realizing this, some computer manufacturers have huilt their 
systems to accommodate several hard drives. This example shows a computer 
that can accommodate three horizontally positioned 3.5-inch hard drives. 


you select should work with 
your computer. Even so, 
keep the following consider¬ 
ations in mind as you shop 
for a new drive. 

Interface. The interface is 
the connection between the 
drive and the PC. There are 
two drive interfaces in popular 
usage today: IDE (Integrated 
Drive Electronics) and SCSI 
(Small Computer Systems 
Interface). You should consid- 
i er buying an IDE drive (also 
I referred to as an enhanced DE 
or EIDE drive). These drives 
are inexpensive, easy to install, 
and offer excellent perfor¬ 
mance in a typical computing 
environment. 

The one specification that 
really matters here is data 
transfer speed. IDE drives are 
typically rated at three Ultra ATA (Ultra 
Advanced Technology Attachment; a varia¬ 
tion on the IDE specification that allows for 
fast data throughput) speeds: Ultra ATA/33 
with a transfer speed of 33.3MBps (megabytes 
per second); Ultra ATA/66 with a data transfer 
speed of 66.6MBps; and Ultra ATA/100 with a 
data transfer speed of lOOMBps. Ultra 
ATA/133 drives, which offer a data transfer 
speed of 133MBps, have recently hit the mar¬ 
ket, but are not common. We suggest getting a 
drive that has a data transfer speed rated at 
ATA/lOO or faster. 

Capacity. You want to make sure your 
new hard drive will be able to accommodate 


your present and future data storage needs. 
That should be easy to do. The average hard 
drive sold today has a capacity between 
20GB and 75GB and a price of less than $200. 
Those statistics are likely to please all but the 
stingiest users. 

At this point, we should briefly address 
two issues that affect drive capacity. The 
first issue is drive barriers. Drive barriers 
are limits on the amount of storage capacity 
that the OS or BIOS (software that controls 
the startup processes of a PC) can access. The 
most recent barriers to be in the news are the 
2GB and 8.4GB barriers affecting Windows 
95, the 32GB barrier affecting Wm98, and the 


137GB barrier affecting 
WinMe and Win2000. For¬ 
tunately, drive barriers 
should have little effect on 
your computing practices. 
The installation software 
that comes with your hard 
drive should provide work¬ 
around solutions to any 
barriers you may face. 

Another issue has to do 
with hard drive labeling 
practices. Specifically, you 
may notice that the drive 
capacity listed on the side of 
the product box is different 
from the drive's actual 
capacity as reported by 
Windows. This occurs be¬ 
cause drive manufacturers 
equate 1MB to exactly 1 mil¬ 
lion bytes rather than the 
technically correct figure of 
1,048,576 bytes. As a result, a drive that has 
an advertised capacity of 60GB (measured in 
million-bytes) has an actual capacity of 
approximately 57GB (measured in mega¬ 
bytes). This isn't a problem with the drive. It's 
just crafty advertising. 

Speed. Drive speed is often measured in 
terms of RPM (revolutions per minute; a 
measurement of how many times per minute 
the platters, which are the actual storage 
media within a hard drive, make a complete 
revolution) and seek time (the time it takes 
the drive to find a particular piece of data on 
the drive), as well as the aforementioned 
data transfer rate. A typical hard drive is 
rated at either 5,400 RPM or 7,200 RPM and 
has an average seek time of 8 to 10 seconds. 
Obviously, drives with higher RPM ratings 
and lower average seek times will provide 
better performance than drives that have 
lower ^M ratings and higher average seek 
times. They also will cost more. 

physical dimensions. Traditionally, hard 
drives come in two sizes: 3.5-inch and 5.25- 
inch. These sizes refer to the width of the 
drive. The vast majority of hard drives sold 
today are of the 3.5-inch variety. You also 
will see advertisements for low-profile or 
half-height drives. This indicates the height 
of the drive in proportion to the height of the 
drive bay (the area within a computer spe¬ 
cially designed to accommodate a drive). 
A half-height drive usually has a height of 
1 inch or shorter. 


Check Out Our Top Picks: 

Shopping For Hard Drives 


EIDE, Less | Seagate Barracuda ATA 
Than 80GB i III 40GB; $130 (online); 

http://www.seagate.com 
EIDE, 80GB I Western Digital Caviar 
& More WD1000BB100GB; 
j $299; http://www 
I .westemdigital.com 
SCSI I Seagate Cheetah X15- 
I 36LP 36GB; $699; 

! http://www.seagate.com I 


Maxtor DiamondMax 
Plus 60 60GB; $199; 
httpy/www.maxtor.com 


ATA IV 80GB; $250; 
http-y/www.seagate.com 

Seagate Cheetah 73LP 
73GB; $980; 
http://www.seagate.com 


Fujitsu MPG3409AH 
40GB; $174; 
http://www.fcpa.com 
Maxtor DiamondMax 
D540X160GB; $399; 
http://www.maxtor.com 

Seagate Barracuda 180 
181GB; $1,800; 
http://www.seagate.com 


Maxtor D540X160GB chosen for top capacity 
Seagate Barracuda 181GB chosen for top capacity 
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Partition & Cluster Sizes 

T he OS (operating system) determines the way in 
which data is stored on a hard drive, and its primary 
tool for putting data on a hard drive is the file system. 
The file system has two primary functions. First, it 
keeps track of the location, the size, the order, and the 
health of the data stored in the drive’s intricate system 
of partitions and clusters. Second, it determines the 
size of the clusters. 

There are three main file systems in use today: 
FAT16 (16-bit file allocation table), which is support¬ 
ed by DOS and Windows 95; FAT32 (32-bit FAT), 
which is supported by Windows 98, Windows Me, 
Windows NT, and Windows 2000; and NTFS (NT file 
system), which is supported by WinNT and Win2000. 
Here’s how the file systems determine cluster size. 
Plan your partitions accordingly. 


File System 

Partition Size 

Cluster Size 

FAT16 

i less than 128MB 

1 2KB 

I 

128MB to 256MB 

i 4KB 

1 

j 

256MB to 512MB 

1 8KB 


1 512MB to 1GB 

1 16KB 


1 1GB to 2GB 

1 32KB 


t more than 2GB 

i not supported 

FAT32 

260MB to 8GB 

j 4KB' 


8GB to 16GB 

1 8KB 


16GB to 32GB 

16KB 


more than 32GB 

32KB 

NTFS 

less than 512MB 

512 bytes 


512MB to 1GB 

1KB 


1GB to 2GB 

2KB 


1 more than 2GB 

4KB 


Before you purchase a new hard drive, 
check the size of the old one so you know what 
will fit into its place. A 3.5-inch drive can be 
equipped with special mounting brackets to fit 
inside a 5.25-inch drive bay. A 5.25-inch drive, 
on the other hand, cannot be restructured to fit 
into a 3.5-inch drive bay. Similarly, a half¬ 
height drive will fit into a full-size drive bay, 
but a full-height drive will not fit into a half¬ 
height drive bay. 

■l Maximize Hie Upgrade. One very criti¬ 
cal decision remains for users who have opted 
to upgrade their hard drives: whether to keep 
or replace the old hard drive. This decision is 
easy to make if the old hard drive no longer 
works properly or if your computer only has 
room for one drive. In either case, you will 
have to scrap the old drive and start fresh with 
a new one. 


However, you should not 
rush to dismiss that old hard 
drive if it continues to work 
well and your computer has 
room to accommodate a second 
drive. Sticking with your old 
drive has several benefits. For 
one thing, it's convenient. You 
don't have to deal with the has¬ 
sle of removing it from your 
system, nor do you have to deal 
with the hassle of moving data 
from the old drive to the new 
one. Simply keep all of your 
existing programs on the origi¬ 
nal hard drive and use the sec¬ 
ond drive for storing data files 
and new programs. 

Keeping your old drive also 
makes economic sense. If you 
add a 20GB hard drive to a sys¬ 
tem that already has a 6GB 
hard drive, you will end up 
with a total of 26GB of storage 
space rather than just the 
20GB for which you paid. You 
can break that down to a per- 
megabyte cost of one penny for 
every 2MB or 3MB. We dare 
you to find any other storage 
media that offers a similar 
price-to-megabyte ratio. 

We wholeheartedly endorse 
keeping that original hard 
drive in your system if you can. 
After all, that's what we did. 
We chose to keep our existing 
10GB hard drive when we added a 60.5GB 
Maxtor DiamondMax Plus drive ($179; 
877/692-3562, 408/432-1700; http://www 
.maxtor.com) to our system. Because we kept 
the existing drive, the installation and setup 
took less than 15 minutes to complete. Here's 
how we did it. 

First, we backed up our important data files. 
This precautionary measure is absolutely nec¬ 
essary if you plan to replace your existing hard 
drive, and it's the prudent thing to do if you 
add a second hard drive. You can back up 
your data to a high-capacity storage medium, 
such as a Zip or Jaz cartridge; a CD-R (CD- 
recordable) or CD-RW (CD-rewriteable); or a 
tape cartridge. You also could transfer the data 
to a drive on another computer if your com¬ 
puters are networked. It doesn't really matter 
how you do it, as long as the data is safe and 
accessible to your new hard drive. 



Run ScanDisk once a week to eliminate drive 
errors and protect the amount of good storage 
space on all your computer’s hard drives. 


With the backup in hand, we proceeded to 
run the installation software that came with 
the hard drive. This software assessed the 
state of our PC and prepared it for the instal¬ 
lation. When the software assessment was 
complete, we shut down the computer, 
turned the power off, disconnected all the 
cables and the power cord on the back of the 
computer, and removed the cover of the 
computer case. After removing the outer 
case, we touched the outside of the PC's 
metal frame to discharge any static electrici¬ 
ty we were carrying. We then found an 
available drive bay directly below the bay 
where the current hard drive was. Refer to 
the users manual of your computer for 
instructions about removing the cover of 
your computer and locating an available 
drive bay. 

At this point, we also made sure our PC 
had an IDE port that could accept the drive. 
Most PCs have a pair of IDE ports, each of 
which can accommodate two devices. In our 
computer, one port connected to both the 
CD-ROM and Zip drives. The other port 
only connected to the existing hard drive, 
leaving room to accept the second hard 
drive. If your computer does not have an 
available IDE port, you should" remove one 
of the existing drives or purchase an adapter 
card that supports the new drive. We could 
have purchased Maxtor's Ultra ATA/100 
PCI Adapter Card ($49.95), for instance, if 
our system did not have room to accommo¬ 
date the new hard drive. 

Before we could insert the drive in the 
computer, we had to set the jumper on the 
back of the drive. The jumper is a tiny box 
that fits vertically over a pair of pins (selected 
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storage 


specifically from a group of six pins) on the 
back of an IDE drive. The jumper setting indi¬ 
cates whether the drive is considered the 
master (primary) or slave (secondary) drive 
on an IDE port. We knew our existing hard 
drive was configured as the master drive, so 
we set the new hard drive to be the slave 
drive. This involved removing the jumper 
from the pins and replacing it in the slave 
position. The installation manual showed 
us how. 

Next, we needed to connect the power 
cable and data ribbon cable to the back of 
the drive. We located a nearby power 
1 cable (most computers have several of 
these floating around inside) and made 
sure there was an extra port on the data 
ribbon cable that connected the existing 
hard drive to the IDE port. We then slid 
the drive partially into the empty drive 
bay and, maneuvering carefully, connect¬ 
ed the cables to the back of the drive. Each 
cable has a unique connector, so there was 
no mistaking how they fit into the sockets 
on the back of the drive. After double¬ 
checking the connections to make sure 
they were snug and secure, we were ready 
to mount the drive in the 
drive bay. 

In our situation, mounting 
the 3.5-inch drive involved 
fitting it into place in the 3.5- 
inch drive bay and locking 
the release levers that held 
the drive to the computer 
frame. We did not need to 
use the mounting brackets 
that came with the drive. 

However you mount your 
drive, take care to ensure 
■ that the drive is level and 
secure in the drive bay. 

Finally, we put the cover 
back on the computer case, 
reconnected the cables on the 
i back of the computer, and 
turned it on. We immediately 
pressed the FI key as the sys¬ 
tem booted (started) so that 
we could access the BIOS Setup screen. You 
may need to press DELETE, F2, or some 
other key to access this'screen; watch the 
screen for specific instructions. In the BIOS 
Setup, we located where the drive was 
installed (on our system, the drive was locat¬ 
ed in the slave position on the primary IDE 
port; the port where the existing hard drive is 


installed is always the primary IDE port) and 
chose Auto Detect from the options listed 
there. Unfortunately, every BIOS is different. 
You may have to contact the hard drive or 
computer manufacturer for assistance with 
this step. 

■ Prepare & Partition. The only thing left 
to do is format (prepare a drive to store 



We divided our new 60.5GB hard drive into two partitions 
of equal size (shown lure having a capacity of exactly 
30,731,026,432 bytes each). Each partition functions as a 
separate drive, labeled as drives D and E. 



this by connecting the new drive to the spare port on the existing data ribbon cable. 


information) and partition (divide a drive 
into separate units, each of which functions 
as an independent drive) the drive. Use the 
installation software that came with your 
hard drive to complete both tasks. Every pro¬ 
gram is different, so we won't discuss specif¬ 
ic details here. Suffice it to say that most of 
these proprietary drive installation programs 


offer on-screen wizards that guide you 
through the process of formatting and parti¬ 
tioning the drive. You should be able to com¬ 
plete both procedures in a matter of minutes. 
The only tricky part is deciding how big you 
want each partition to be. 

The key is remembering that a partition's 
size dictates the size of the drive's clusters 
(areas on the hard drive in which groups of 
related data are stored). That wouldn't be 
a problem except that a cluster can hold 
data from only one file at a time. So if you 
store a 2KB file in a 32KB cluster, the 
remaining 30KB cannot be used for any 
other purpose. When dealing with large 
clusters, you run the risk of ending up 
with lots of wasted space on the hard 
drive. You can minimize the amount of 
wasted space by creating smaller parti¬ 
tions. Refer to the "Partition & Cluster 
Sizes" sidebar for more information about 
this subject. 

We divided our 60.5GB drive into two 
partitions of equal size. This met our need 
of having one partition for business-relat¬ 
ed purposes and one partition for person¬ 
al use. It also allowed each partition to 
have a capacity of less than 
32GB, giving us slim cluster 
sizes of 16KB instead of a 
heftier 32KB. You may create 
as many partitions as you 
like, but we suggest limiting 
yourself to a maximum 
of five or six partitions 
per drive. 

■ Ready To Store. You 

can begin using your new 
hard drive as soon as you 
complete the steps needed to 
format and partition it. Take 
note of the drive letters 
assigned to each partition 
and verify that each partition 
offers the correct amount of 
storage space (remember the 
difference between 1 million 
bytes and 1MB). If your new 
hard drive replaced a previous drive, you 
will have to reinstall the OS and restore your 
data to the drive from your backup copy. 
Otherwise, the drive is an empty slate 
waiting to be filled, fix] 
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Go Portable 

Expand Your Storage Options By 
Buying A Hard Drive For The Road 



I f you've been using a computer for more 
than five years, you can probably remem¬ 
ber the days in which hard drive space was 
at a premium. Until a few years ago, hard dri¬ 
ves were small: less than a gigabyte, on aver¬ 
age. With an OS (operating system), a few 
dozen applications, and your files, the hard 
drive in your system became pretty cramped. 
Aside from replacing your hard drive with a 
bigger one, a solution to the space crunch was 
to pop open your system and add another 
hard drive. 

For anyone who needs more storage space, 
is on the move, or transfers files between 
PCs, finding a way to store data in a compact 
and low-weight package is a must. 
Alternatives, such as floppy diskettes. 
Compact Flash cards, and Zip disks, are 
small and light, but they aren't sufficient to 


hold the megabytes of data that make up 
many of today's files. And traditional, exter¬ 
nal hard drives can pack in a lot of data, but 
they're bulky. That's where the latest genera¬ 
tion of portable hard drives comes in. These 
devices are small—many fit comfortably in 
your pocket or the palm of your hand—and 
can store as much data, if not more, as the 
hard drive in your computer. 

In this article, we discuss some of the rea¬ 
sons why you'd want to use a portable hard 
drive. We also look at a few of the portable dri¬ 
ves on the market, and explain how to install 
and configure one of these devices. 

■ Why Use A Portable Drive? Having 
some form of external storage might seem a 
bit redundant in this era of multigigabyte 
hard drives. Let's face it; if your hard drive is 


fairly new, you've probably got enough 
space for all your files and programs. And if 
you need to move large amounts of data to 
another computer, you can always bum the 
files onto a CD-R (CD-recordable) or CD-RW 
(CD-rewriteable). 

Even so, using a portable hard drive makes 
a lot of sense for many people. A CD can only 
hold about 640MB of data. That's not a lot, 
especially if you consider how much space 
many files, especially multimedia files with 
digital video and MP3 audio, consume. Plus, 
not everyone has a CD-R or CD-RW drive. 
And no matter how much hard drive space 
you have, you can never have enough. As you 
use your computer, files and programs gradu¬ 
ally add up. Before you know it, you have i 
gigabytes of files. Using a portable hard drive, | 
you can store these files without worrying j 
about clogging up your computer's main hard ! 
drive, and you can move them between com- | 
puters quickly and easily. I 

What exactly can you store on a portable | 
hard drive? Around the house, you can use it j 
to stow personal documents, archived Web j 
sites, scanned photos, audio files (such as i 
MP3s), digital video files, movies in DVD for- | 
mat, games, and more. And if only one com¬ 
puter has a high-speed Internet connection, 
you can use your portable drive to move 
large downloads between that computer and 
other desktop systems quickly and easily. It 
sure beats chopping a file up and transferring 
parts of it to multiple diskettes. We've man¬ 
aged to save a lot of time and hassle using ' 
our portable drive. 

For business and notebook computer users, 
portable drives can serve as a must-have 
power tool. You can use them to transport 
your presentations, applications, and other 
files to meetings or off-site sales demonstra- j 
tions. You can also use them to store cus¬ 
tomer and accounting information, as well as 
spreadsheets and other business documents. 
Publishing professionals can use portable dri¬ 
ves to move large design documents and sup¬ 
porting graphics files from their computers to 
a printer or service bureau. 

Another use for portable drives some peo¬ 
ple may overlook is system backups. With 
computers, problems can crop up when you 
least expect them to and can take down your 
entire system. It's nice to have a mirror copy 
of your computer's hard drive on hand. Ten 
years ago, you could back up your system 
using a few of boxes of floppy diskettes. As 
drives became larger, you needed to use tape 
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drives or CD-RW drives to 
archive the contents of your 
hard drive. Nowadays, 
portable hard drives are just 
about the only efficient way 
to back up a large hard drive 
with hefty files. 


■ Types Of Drives. By 

types of drives, we mean the 
type of connection a drive 

uses to attach to your com- -^- 

puter. External drives use ports to accomplish 
this. Also called interfaces, ports are external 
I connections on the back of your computer that 
connect devices to your machine. Without 
ports, external devices cannot communicate 
with your computer. 

There are four popular ways to coimect a 
portable hard drive to a PC: USB (Universal 
Serial Bus), FireWire, parallel port, and PC 
Card interface. 

USB supports high-speed data transfers, at 
rates of up to 12Mbps (megabits per second). 
You can connect up to 127 devices, ranging 
from keyboards to modems to drives, to one 
USB port on your computer, and the USB 
port supplies power to a peripheral. Also, 
USB supports Plug-and-Play installation and 
' hot swapping. Hot swapping lets you move a 
USB device from one computer to another 
' without having to reboot each machine. Once 
; you plug the device in, your computer auto- 
' matically detects it. 

The great thing about USB is it's almost 
universally supported. If you're using 
Windows 95 (with OSR 2), Windows 98, 
Windows Me, Windows 2000, or Windows 



TheArchosMInlHDisasmall, 
flexible hard drive that connects 
to your computer in several ways. 


XP, you can certainly use a 
USB drive. 

Next up is FireWire, also 
referred to as IEEE 1394 
(which is the technical 
standard used to designate 
these devices). FireWire is 
new and extremely fast, 
supporting data transfers 
of up to 400Mbps. And like 
USB, FireWire supports the 

- hot swapping of devices. 

Although FireWire devices can be expensive, 
they are a great alternative for transferring 
data that requires a lot of bandwidth, such as 
video files. 

An older, but still useful, method for 
connecting a drive to 
your computer is the 
parallel port. Many peo¬ 
ple think of the parallel 
port as a printer port, 
because it's traditionally 
been used to link a 
printer to a computer. 

Other devices, such as 
scanners and external 
hard drives, can also use 
a parallel port. But 
unlike USB or FireWire, 
parallel port connec¬ 
tions can be slow. Al¬ 
though some parallel - 

port devices can transfer data at speeds com¬ 
parable to USB connections, they're far slow¬ 
er for the most part. Still, a parallel port con¬ 
nection is useful when you are using a 
portable hard drive with an older system. 



Although bulkier than most other 
portable hard drives, Backpack from 
Micro Solutions Is a good choice for 
users of older computers. 


Check Out Our Top Picks: 

Shopping For Portable Drives 

Minds@Work Digital Wallet | LaCie PocketDrive 48GB; 


20GB; $549; 


I $699; http://www.lacie.com 


http://www.mindsatwork.net | (both USB and FireWire) 
LaCie PocketDrive 48GB; | QPS Que! M2 20GB; 
$699; http://virww.lacie.com j $257; http://www 
(both USB and FireWire) 

CMS Fire & Forget 5GB; 

$499; http://www 
.cmsproducfs.com; 

PC Card 


.qps-inc.com 
EasyDisk 16MB; $39; 
http://www.easydiskusa 
.com; flash memory USB 


Pockey Drive 20GB; 
$249.95; http://www 
.pockeydrive.com 
Flipdisk 30GB; $590; 
http://www.amacom- 
tech.com 

IBM Microdrive 1GB; 
$369; http://www.ibm 
.com; CompactFlash 
Type 11+ 


Non-'ruggedized' external drives, such as Maxtor Personal Storage drives, are excluded. 
EasyDisk is a flash memory USB device. 

IBM Microdrive is a tiny hard drive for compatible devices. 


Finally, there's the PC Card interface 
(often called a PCMCIA [Personal Computer 
Memory Card International Association] 
interface), which is a credit card-sized device 
that fits into a slot on the side of a computer. 
Most notebook computers come with a PC 
Card slot. Like USB and FireWire devices, 
you can hot swap PC Cards. So, once you're 
done transferring data to a portable hard 
drive, you can swap it with a modem without 
rebooting your computer. 

As you'll discover, most popular portable 
hard drives support either USB or FireWire 
connections. Some support a combination of 
the two. A few use parallel port or PC Card 
connections, but because of their slower data 
transfer rates and the growing popularity 
of USB and FireWire, 
devices that use these 
types of connections are 
slowly going out of style. 

■ What’s On The 
Market. Going portable 
has become quite popu¬ 
lar. To meet the demand 
for portable hard drives, 
a number of companies 
have entered the market. 

One of the best 
known makers of port¬ 
able drives is LaCie 

- (503/844-4502; http:// 

www.lacie.com); after all, it was one of the 
first companies to create portable hard dri¬ 
ves. LaCie has four models of its flagship 
PocketDrive device ($219 to $699), with stor¬ 
age capacities of 10GB, 20GB, 30GB, and 
48GB. They support both USB and FireWire 
connections, with data transfer speeds of up 
to 25MBps (megabytes per second) using 
FireWire. Best of all, at 0.6-inch high x 3.5 
inches wide x 5.75 inches deep, which is 
slightly larger than the average photograph, 
the PocketDrive is small and weighs less than 
one pound. 

Another industry leader that has jumped 
into the market is Iomega (888/446-6342; 
http://www.iomega.com). Best known for 
its Zip drives, Iomega recently released its 
Peerless portable hard drives ($359.95 to 
$399.95). Unlike other drives. Peerless drives 
are made up of three components: a base unit 
that connects to your PC using either USB or 
FireWire, a docking unit that snaps into the 
base, and the actual hard drive, The Peerless 
functions similarly in design to a Zip drive. 


Learning Series / PC Upgrades 115 














storage 



Depending on the ports your computer has available, you can use parallel, USB (Universal Serial Bus), 
or HreWIre connectors to connect a portable hard drive to your computer. 


but its 10GB or 20GB removable disks 
actually resemble a hard drive. When one 
fills up, you simply replace it with another 
one. Unless you have a lot of multimedia 
files, we can't see you filling a Peerless disk 
too quickly. 

Flipdisk from Amacom ($590; 877/262- 
2668, 408/744-6502; http://www.amacom 
tech.com) is one of the most versatile 
portable drives currently available. It sup¬ 
ports USB, FireWire, parallel port, and 
PC Card connections. And, according to 
Amacom, it can be used with Windows, Mac, 
DOS, OS/2, and UNIX computers. The 
Flipdisk has a 30GB storage capacity (40GB 
using compression) and is quite fast: It can 
transfer data at 1.2MBps over a parallel con¬ 
nection and 44MBps using FireWire. 

An older, but stQl very useful portable drive, 
is the Backpack external hard drive from Miao 
Solutions ($199 to $229; 800/890-7227,815/756- 
3411; http://www.micro-solutions.com). The 
Backpack isn't as portable as most of the other 
drives we've seen; it's dimensions are approxi¬ 
mately 2x5x8 inches, so it won't fit easily into 
your pocket or a bag crammed full of gear. It can 
store 20GB of data (to 40GB for some models), 
which is plenty for most purposes. But what the 
Backpack lacks in portability and capacity, it 
more than makes up for in flexibility. It supports 
parallel port, PC Card, and USB connections, 
can be linked to other Backpack drives, and has 
a printer port for when you're using the parallel 
interface. It's a good choice for anyone transfer¬ 
ring data to or from an older computer. 

The MiniHD from Archos Technology 
($149 to $239; 949/453-1121; http://www 
.archos.com) is touted as being the smallest 
portable hard drive on the market. It is small. 


about the size of a deck of playing cards, and 
weighs less than seven ounces. There are two 
versions of the MiniHD: USB and PC Card. 
The MiniHD has a small storage capacity, 
about 6.4GB, but its data transfer speeds are 
pretty decent. The USB version of the drive 
transfers data at IMBps; the PC Card version 
transfers data at 2MBps. 

The TREK ThumbDrive family from 
TrekStor USA (925/837-4506; http://www.trek 
storusa.com) takes the idea of mobile storage to 
a new height (or maybe we should say a small¬ 
er size). The ThumbDrives are USB devices the 
size of a human thumb, and can store between 
8MB and 512MB of data. The ThumbDrive 
Touch ($169 to $499, depending on the model) 
adds a feature not found in any other portable 
hard drive: security. And it doesn't require a 
password, either. When the ThumbDrive 
Touch is connected to a computer, you can 


only get to your data once the sensor recog¬ 
nizes your fingerprint. 

Another drive that literally fits in the palm 
of your hand is the.Pockey Drive ($199.95 to 
$249.95; 877/776-2539, 818/717-9556; http:// 
www.pockeydrives.com). Weighing in at less 
than half a pound and coming in models that 
can hold 10GB and 20GB of data, the Pockey 
Drive is only 5.02 x 3 x 0.53 inches. Its USB 
connection supports data transfers of up to 
1.5MBps. True, it's not the fastest drive avail¬ 
able, but it's not too bad. 

■ Factors To Consider. Before you go out 

and spend your money, you should first 
think about what you want from a portable 
hard drive. 

The first thing you should do is determine 
how much you want to spend. If money is no 
object, we suggest looking at the top-of-the- 
line drives. The benefits of data transfer 
speed, storage capacity, and all-around con¬ 
venience will help the drive quickly pay for 
itself. On the other hand, if you're on a tight 
budget, you can still get a portable drive that 
will serve you well. Just remember, the 
amount you can spend will often dictate 
the storage capacity of the drive you'll 
eventually purchase. 

For most people, storage capacity will be 
the main concern when choosing a portable 
drive. You should take into account not just 
your present needs, but your future needs, as 
well. Sure, a 1GB drive might be enough for 
all your MP3 and PowerPoint files, but in a 
year or two, you might want to digitize all 
those family videos. And 1GB of storage 

space won't be enough. 


1 S’,; 


' ^ 

HDD 


The Pockey Drive Is so compact that It literally fits Into the palm of your hand. 
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If you plan to use your portable drive to 


oirly move your documents between comput- 
> ers, one with a lower capacity should be more 
than sufficient, for your needs. But if you want 
to store a lot of larger files or even back up 
your system, you should seriously consider 
buying the largest drive you can afford. 

The physical size of a drive can also be 
important. Is space, both on your desk and in 
a bag or carrying case, at a premium? Or do 
I you not care about lugging around a bulky 
; drive? The Backpack portable drive isn't a 

■ good choice if you're space-conscious. The 
i Pockey Drive is an excellent option for any- 
I one who needs a compact and light drive to 
I take on the road. 

As with price, the size of your chosen drive 
will be tied up with its storage capacity. You 
might have to make a few compromises when 
it comes to size, cost, and the amount of data 
the drive can hold. 

You should look to the future when buy¬ 
ing a portable hard drive. Chances are you'll 
upgrade your computer some time in the 
near future, and you'll want to use your 
' portable drive with it. Every new coniiputer 

■ has USB ports, and more are being manufac- 
! tured with FireWire support, as well. Again, 
! if you're using Win95 (with OSR 2), Win98, 
I WinMe, Win2000, or WinXP, you can use a 
I USB drive. FireWire drives will work with 
\ computers running Win98 or later, but only if 

you have a FireWire port. 

With a computer running Windows NT 4.0, 
you'll have to settle for a parallel port or PC 
, Card drive (if you PC has a slot and controller), 
because USB doesn't work with WmNT. 

If you have a need for speed, at least where 
data transfers are concerned, you'll want to 
get the fastest drive you'can afford. This is 
especially true if you're going to continually 
read data off the drive; if you're dealing with 
a large PowerPoint presentation, with a lot of 
graphics and some multimedia, for example. 
, Having to wait while the data moves from the 


LaClewas one of the first 
companies to create portabie 
hard drives, its PocketDrive 
can pack up to 48GB of data 
into a smaii amount of space. 


drive to your computer can be 
frustrating. And if you're in a hurry 
and need to transfer a large number of 
files, you'll be wasting time you don't have. 

For anyone for whom speed is of the 
essence, we suggest you look into FireWire 
drives or, at the very least, a fast USB drive. 
The extra expense will save you a lot of 
headaches. If you can afford to take your time, 
by all means, take a peek at drive with slower 
transfer rates. 

■ Installing A Portable Drive. Once 
you've shopped around, made your choice, 
and placed your cash on the counter of 
your local computer store, it's time to start 
using that new drive. Installing a portable 
hard drive involves two steps: hardware 
and software installation. What follows are 
the instructions for installing the Pockey 
Drive. The installation instructions for other 
drives will differ slightly, depending on what 
type of drives they are. Our instructions 
should give you a general idea of what's 
involved, though. The process is actually 
quite simple. 

First, make sure your computer is on, 
and insert the Pockey Drive driver installa¬ 
tion CD-ROM into the disc drive. Plug one 
end of the Pockey Drive's cable into a USB 
port on your computer. The port is a thin 
slot, usually at the back of your system 
(although it can be on the front sometimes, 
too), with two metal points inside and a label 
displaying a circle with three arms coming 
out of it. Plug the other end 
of the cable into the drive. 

Unlike some portable dri¬ 
ves, you have to turn the 
Pockey Drive on before 
you can use it. Flip the 
switch to the On position, 
and after a few seconds, 

Windows should detect 
the drive and start the 
Add New Hardware 
Wizard. This wizard 
will guide you through 
the process of finding 
the right driver (soft¬ 
ware that enables 


Windows to work with peripherals) for 
the drive. 

On the first screen, click Next. You'll be 
asked if you want Windows to search for the 
best driver for the Pockey Drive or to display a 
list of all available drivers. Click the search 
option, and click Next. 

Now you'll be asked where you want 
Windows to search for the drivers. Click the 
CD-ROM Drive option, and then click Next. 
Windows searches the Pockey Drive installa¬ 
tion CD-ROM for the appropriate drivers, 
and displays what it finds. Click Next. Unless 
there is something wrong with the CD-ROM, 
the next screen will inform you the driver 
was successfully installed. Click Finish. 

You're not done yet, though. You need to 
check to see if Windows recognizes the drive. 
To do so, make sure the Pockey Drive is on 
and double-click My Computer on the 
Desktop. In your list of drives, you should see 
the Pockey Drive as the last drive in the list. If 
it isn't in the list, you'll have to reinstall the 
drivers. Because the Pockey Drive is already 
formatted, you can start transferring files to it 
immediately. This may not be true with other 
drives; you may have to format them first. 
Check the documentation for iidormation on 
how to do so. 

Finally, just remember to install the drivers 
on any other computers you want to use with 
the portable drive. 

■ Start Shopping. Portable hard drives are 
a small, fast, and convenient way to add stor¬ 
age space to your computer. If you move large 
files between systems, a portable drive can be 
an indispensable tool. One is waiting for you. 
All you have to do is find it. 0 

by Scott Nesbitt 



The CMS Fire & Forget 5GB Is actually a Toshiba MK5002MPL Irani drive 
about the size of a stack of four or five credit cards. Packing 5GB Into this 
1.8-inch form factor is quite a trick, but Toshiba does It well. 
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Whatever Became 
Of Tape Drives? 

Many Are Still Hard At Work 
& Just As Dependable As Ever 

M agnetic tape drives defy 
obsolescence. Despite 
glaring technical limita¬ 
tions and a style as outdated as 8- 
track cassettes, tape drives have j •/ 
managed to remain a viable option . > 

in computer data storage for sever- « 

al decades. How can that be? The | 

best explanation is that these tried- ^ 

and-trusted devices offer a storage * S 
environment that is both stable 
and reliable. That's important, 

especially when mission-critical ® _ 

data are at stake. UlT.'- ;/ 

' Amwmm. 



■ The State Of Tape. Tape dri¬ 
ves continue to evolve and come in y\ 
a multitude of formats. Some com- 
mon formats include QIC (quarter- 
inch cartridge; standard magnetic '' ; 

tape that is a quarter of an inch '■ - Vj. \i 
wide), DAT (digital audio tape; 
magnetic tape that stores data in digital rather 
than analog format), and AIT (Advanced 
Intelligent Tape; magnetic tape that, with the 
help of a memory chip built into the cartridge, 
can track the location of files on the tape). 

The most popular tape format currently in 
use is Travan tape (an optimized form of QIC 
that can hold more data than standard QIC). It 
comes in several variations including T-4 and 
T-5, which have uncompressed capacities of 
4GB and 10GB, respectively. Cutting-edge users 
are talking about the Ultrium format, which is 
variation of the LTO (Linear Tape-Open; a 
magnetic tape technology developed by 
Hewlett-Packard, IBM, and Seagate Technolo¬ 
gies) technology and can store approximately 
10 times more data than Travan tapes. 

Tape drives come in 3.5-inch and 5.25-inch 
internal models, as well as external models. 
Most connect to your PC via SCSI (Small 
Computer System Interface) or IDE (Integrated 
Drive Electronics) ports, although USB 
(Universal Serial Bus) and parallel port drives 


' mm 
imm 


are also available. Exabyte (http://www 
.exabyte.com), Hewlett-Packard (http://www 
.hp.com), IBM (http://www.ibm.com), Seagate 
(http://www.seagate.com), and Sony (http:// 
www.sel.sony.com) are among the leading 
manufacturers of tape drives. 

The drives themselves are not cheap. 
Indeed, a tape drive can be the single most 
expensive hardware component in a company 
network. Prices for a consumer-oriented 
Travan drive start at $250 and go up from 
there. An industrial-strength Ultrium drive, on 
the other hand, can cost almost 20 times that 
much. The Seagate Viper 2000 autoloader, for 
instance, sells for $10,125. 

Although these devices are expensive, you 
must keep in mind that tape drives are intended 
for bulk storage, and that's where the initial cost 
is justified time and again. Cartridge prices vary 
widely; depending on format and capacity, you 
can expect to pay between $30 and $45 for a 
Travan 10GB cartridge, for instance, whereas 
you'll pay about $125 to $140 for a 100GB 


Ultrium cartridge. Yet, the cost per megabyte for 
storing data on a tape cartridge is a fraction of a 
penny. And the longer you use a drive, the less 
expensive it becomes. For this reason, it's unlike¬ 
ly you will upgrade a tape drive unless it conks 
out completely. 

In short, tape drives provide an economical 
way of backing up large volumes of data on a 
daily basis. The low cost of the high-capacity 
cartridges more than compensates for their 
dawdling operational speed. The drives read 
and write data serially, like tracks on an audio- 
tape, rather than directly, like tracks on a CD. 
Consequently, they're too slow to be practical as 
a primary storage drive or as a source for run¬ 
ning program files. 

■ Step-By-Step Installation. 

Individual consumers and small 
businesses probably don't have the 
cash or data to justify the purchase 
of an Ultrium drive. These users 
will be well served by a depend¬ 
able IDE Travan drive that meets 
the T-5 storage standard. We chose 
an internal Seagate TapeStor 
Travan 20 drive to use for our 
sample installation. This drive can 
pack 20GB of compressed data on 
a cartridge. The drive has an 
MSRP (manufacturer's suggested 
retail price) of $329, making it an 
affordable option for any user. 

Before installing a tape drive, you 
must make sure your PC has room to accommo¬ 
date it. This requires a peek inside your comput¬ 
er. Power down the computer and monitor, dis¬ 
connect the power cord and all other cables 
from the back of the computer, and move the 
computer to a flat and level workspace. After 
removing the outer case, you should ground 
yourself by touching the outside of the PC's 
metal frame. Doing so discharges any static elec¬ 
tricity you may be carrying. You must ground 
yourself whenever you work inside a PC, 
because static electricity can damage the fragile 
circuitry of its inner components. 

There are three things you want to find when 
you're looking inside the computer: an internal 
power cable; an IDE port; and an available drive 
bay. You can recognize the power cables by 
their 4-pin plastic connectors. Your PC probably 
has a pair of IDE ports, and each one supports 
two devices. Your hard drive and CD-ROM 
drive are probably connected to the IDE ports. 
Drive bays are the slots in your computer case 
where your CD-ROM and diskette drives are 
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located. The bays open to the front of the case or 
are covered by a plastic door. 

We recommend that you consider getting an 
external drive if your rc does not have these 
three things. External drives require an external 
connector, such as a USB port or serial port. 
They also need a power source, so you must 
position the drive within reach of an electrical 
outlet. In addition, external drives typically 
cost more than internal drives. 

Our TapeStor Travan 20 drive required a 40- 
pin internal IDE port and 3.5-mch drive bay, 
both of which we found in our system. With 
that settled, we were ready to proceed with the 
installation. Because we needed to direct two 
drives to share one IDE port, the first thing we 
did was set the jumper on the back of the 
drive. The jumper is a small plastic-covered 
box that fits over a pair of pins (selected specif¬ 
ically from a group of sk or eight pins) on the 
back of the drive. The jumper setting tells the 
IDE port and the rest of the system which of 
the two drives is considered the master (pri¬ 
mary) drive and which is considered the slave 
(secondary) drive, but a drive's performance is 
not affected by its jumper settings. 

In our case, the tape drive would share an 
IDE port with the existing CD-ROM drive. 
Because the CD-ROM drive was already con¬ 
nected to the IDE port, we knew it would be 
set as the master drive. That meant the tape 
drive would be the slave drive. Fortunately, 
the TapeStor Travan 20 shipped with the 
jumper already set to the slave position, so we 
proceeded with our installation by connecting 
the drive to the IDE port. 

Data cables (also known as IDE ribbon 
cables) that connect devices to IDE ports have 
two 40-pin connectors by default. In our system, 
the first connector was plugged into the CD- 


coimector into the tape drive. Space was tight 
within our system, though, and the only way 
we could make the connection work was to 
position the drive in the drive bay. We removed 
the door from the drive bay (refer to your PC 
users manual for specific instructions) and slid 
the drive into the bay, and then we connected 
the data cable to the drive. The notched connec¬ 
tor fit snugly into the socket. 

Next, we attached a power cable to the drive. 
We located a power cable situated near the tape 
drive and plugged it into the socket on the back 
of the drive. Tlie power cable connector has a 
unique sbc-sided shape, so it fits into the socket 
only one way. We then double-checked the 


cable connections to make sure they were tight 
and secure. 

The last step involved mounting the tape 
drive in the available drive bay. This procedure 
consisted of positioning the tape drive in the 
bay and securing the drive to the computer 
frame with four screws. You can mount a 3.5- 
inch drive in a 5.25-inch drive bay as long as 
you first attach the drive to a pair of mounting 
brackets. Such brackets should come with your 
new tape drive. (You cannot, however, mount a 
5.25-mch drive in a 3.5-inch drive bay.) 

Finally, we replaced the outer cover for 
our computer case, put it back where it 
belonged, and reconnected the cables to the 
sockets on the back of the computer. We then 
turned it on and installed the software that 
came with the drive. This software included 
drivers (small programs that help compo¬ 
nents communicate with the rest of the sys¬ 
tem) and a proprietary backup utility. Refer 
to the drive's installation manual for instruc¬ 
tions about configuring the software that 
comes with your drive. 

■ Reel It In. Get comfortable using your new 
tape drive. Despite a lack of hype and reports 
of its demise, that tape drive will probably out¬ 
last the rest of your system. @ 

by Jeff Dodd 


ROM drive, so we plugged the cable's second 


Check Out Our Top Picks; 

Shopping For Tape Drives 

EcrixVXA-1 
33/66GB; $849.95; 
http://www.ecrix.com 

HP Ultrium 230i 
100/200GB; $4,795; 
http://www.hp.com 

Tape capacities expressed as compressed/uncompressed. 

Ecrix and Exabyte announced a merger in August. 


Less 

Than 

$ 1,000 

$ 1 , 000 & 

More 


Seagate TapeStor Travan 
10/20GB; $329; 
http://www.seagate.com 

Benchmark-ValuSmart 
Tape 80 DLTtape 
40/80GB; $1,499; 
http://www.4benchmark.com 


Onstream ADR2.60ide 
30/60GB; $499; 
http://www.onstream.com 

Exabyte Mammoth-2 
60/150GB; $4,639; 
http://www.exabyte.com 
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Move Up The CD 
Drive Ladder 

Add More Speed & Functionality 
To Your PC 


C ompact disc drives represent 
a point of high achievement 
in storage technology. One 
CD can hold 650MB of data, an 
amount that was almost inconceiv¬ 
able when the CD-ROM was invent¬ 
ed in 1983. And as optical storage 
media, CDs do not suffer from the 
effects of data degradation like mag¬ 
netic storage media do; CDs are vir¬ 
tually indestructible imder normal 
wear and tear. 

Even today, CDs are the storage 
solution of choice for the widespread 
distribution of data. The reason for 
this is quite simple: CD technology is 
highly standardized. Unlike most of 
the other high-capadty portable stor¬ 
age technologies, which are designed 
to conform to proprietary hardware 
and software specifications, almost 
any CD drive can play CDs. If you want to dis¬ 
seminate a large body of data in a format that 
everybody can access, CDs are your best option. 

m Make A Selection. You can find several 
types of CD drives currently on the market. 
Audio CD drives are the most common. These 
drives play audio CDs and are most often found 
in car stereos, personal CD players, and home 
entertainment systems. Auio CDs cannot be 
used for data playback, however, so we will 


'ACT 



_ 




CD-ROM technology has changed little since 
its development in 1983, although the drives are 
much cheaper than they once were. It's now 
possible to find CD-ROM drives that sell for less 
than $40, which makes CD-ROM drives one of 
the least expensive components of your system. 
CD-ROM drives can read data from audio CDs, 
CD-ROMs, and CD-Rs (CD-recordables). Newer 
CD-ROM drives also read data from CD-RWs, 
but many older CD-ROM drives cannot. 

The typical CD-ROM drive sold today has a 


ignore them for the purposes of this article. That fast spin speed, which is measured in relation to 
leaves CD-ROM and CD-RW (CD-rewriteable) the speed of the first CD-ROM drive and reveals 
drives as the CD drives that are most relevant to the rate at which the disc spins within the drive. 


home and small-office computer users. 

CD-ROM drives. CD-ROMs are read-only 
storage media. Data is written to the disc during 
or shortly after production, and then the disc is 
stamped (optic^y marked) as complete. Once 


Average drives today have spin speeds of SOX 
or faster, meaning they can spin discs 50 times 
faster than the first CD-ROM drives could. 

Spin speed is important because it determines 
how quickly data transfers from the drive to the 


stamped, the disc cannot be erased or have more PC. The first CD-ROM drives, with their speed 


data written to it. CD-ROMs are inexpensive, 
durable media, easily distributed to a mass audi¬ 
ence. Anyone who has received an America 
Online startup disc in the mail can attest to that. 


of IX, had a data transfer rate (the rate at which 
data transfers from the drive to the PC) of 
150KBps (kilobytes per second). As spin speed 
inaeases, so does the data transfer rate. A disc 


drive that spins at 52X, for instance, has a data 
transfer rate of 7,800KBps (150 multiplied by 52) 
while a drive that spins at 56X has a data trans¬ 
fer rate of 8,400KBps (150 multiplied by 56). 

Upgrading your PC with a faster CD-ROM 
drive helps you access data on disc faster. The 
upgrade is best for users of older PCs who 
would see the data transfer rates get more than 
twice as fast: from 16X to 52X, for instance, or 
from 24X to 56X. An upgrade providing less of 
an increase, such as from 40X to 52X, will proba¬ 
bly not make a noticeable difference. 

CD-RW drives. CD-RW drives not 
only are capable of reading data from 
CD-ROMs, but they also can write 
data to and read data from discs that 
meet the CD-RW and CD-R format 
(for more mformation about the dif¬ 
ference between CD-R and CD-RW 
media, please see the "CD-R & CD- 
RW Basics" sidebar). CD-RW drives 
have grown in popularity recently, 
largely due to the popularity of digi¬ 
tal multimedia files. The drives can 
read data from audio CDs, CD- 
ROMs, CD-Rs, and CD-RWs. 

CD-RW drives cost significantly 
more than CD-ROM drives, with the 
cheapest CD-RW drives priced in the 
$100 to $150 range. You can expect to 
pay $250 or more for a quality unit. 
These drives boast three spin speed 
specifications: the first indicates the 
spin speed while the drive is writing data to the 
(fisc; Ae second indicates the spin speed while 
the drive is rewriting (recording data to an area 
in which data has previously been written) data 
to the (fisc; and the third is fte spin speed while 
the drive is rea(fing data from the (fisc. 

You may see advertisements for a 12X/10X 
/32X (also 12X10X32 or 12/10/32) CD-RW 
drive. This indicates that the drive has a 12X 
(equivalent to a data transfer rate of l,800KBps) 
write speed, a lOX (equivalent to a data transfer 
rate of l,500KBps) rewrite speed, and a 32X 
(equivalent to a data transfer rate of 4,800KBps) 
read speed. Note that CD-RW drive spin speeds 
will be slower than CD-ROM drive spin speeds. 
External CD-RW drives tend to have slower 
spin speeds than internal CD-RW drives. 

You should consider upgrading to a CD-RW 
drive if your PC currently has a CD-ROM drive 
and you want to bum (record) data to your own 
discs. CD-RW drives are good for multimedia 
buffs who want to share audio tracks, video 
files, and digital photos with others. You should 
consider upgrading your current CD-RW drive 
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the audio CDs that play on the disc drive. 


if you use the drive a lot and can buy a new 
drive that spins twice as fast as the old one. 

■ Under Consideration. Deciding whether to 
upgrade an optical disc drive can be a confusing 
ordeal. You may find yourself wondering if 
such an upgrade is really necessary. After aU, a 
slow CD-ROM drive does not have a seriously 
detrimental effect on system performance. It 
may force you to wait a few extra minutes dur¬ 
ing the installation of new software, but it cer¬ 
tainly won't cause your applications to crash. 

The fact is that CD-ROM and CD-RW drive 
upgrades are rarely necessary or justified. Only 
I users who have malfunctioning disc drives, sig¬ 
nificantly outdated disc drives, or a need for 
disc-recording capabilities should consider such 
an upgrade. Don't consider upgrading to a new 
CD-ROM or CD-RW drive if your existing drive 
works and you plan to purchase a new PC in the 
near future. It just doesn't make sense to put a 
new disc drive in a PC that you intend to replace 
soon. Also, don't invest in a new drive if you 
hardly ever install new applications or have lit¬ 
tle reason to access data from a disc-based data¬ 
base. Do not invest in an upgrade if you only 
use the drive for listening to audio CDs. 

Having said all that, if you do decide to 
upgrade, you should look at the criteria 
required to choose a new drive. Several factors 


will influence your decision. The primary 
considerations include price, functionality, com¬ 
patibility, specifications, and user confidence. 

Price. As mentioned previously, CD-ROM 
drives are quite cheap, but the price for CD-RW 


drives varies widely. Think about how much a 
new disc drive is worth to you before you reach 
a high-pressure sales person. If your existing 
drive still works and you can't find a new drive 
that meets your price range, wait a few months 
and visit the stores again. 

Prices vary due to 
technical specifications. 
Like other components, 
CD-ROM and CD-RW 
drives are priced accord¬ 
ing to how their specifi¬ 
cations compare to the 
cutting edge. A fast 
drive will almost always 
cost more than a slow 
drive. Brand names may 
affect pricing to a small 
degree, but not enough 
to compensate for a slow 
spin speed. Recent CD- 
ROM drives have spin 
speeds that exceed 52X. 
Top of the line CD-RW 
drives have a read speed 
of 40X or faster, write 
speeds in excess of 16X, 
and rewrite speeds in 
excess of lOX. 

Fast internal drives 
tend to cost less than 
slow external drives. In 


Check Out Our Top Picks: 

Shopping For CD-RW Drives 


Less Than $200 

TEAC 12X/10X/32X 

Samsung SW-212 

Imation CD-RW Burn-R 


Internal IDE CD-RW Drive; 

12X/8X/32X; 

External 4X/4X/6X; 


$99; 

$149; 

$149; 


http://www.teac.coni 

http://www.samsung.com 

http://www.imation.com 

$200 To $300 

Plextor PlexWriter 

Yamaha CRW2200EZ 

Philips PCRW2010 


24/10/40A24X/10X/40X; 

20X/10X/40X; 

20X/10X/40X; 


$269; 

$250; 

$229; 


http://www.plextor.com 

http://www.yamaha.com 

http://www.pcstuff.philips.com 

More Than $300 

Yamaha CRW2100FXZ 

TDKveloCD ReWriter 

LaCie 24X/10X/40X U&l; 


16X/10X/40X; 

16X/10X/40X; 

$329; 


$379; 

$329; 

http://www.lacie.com 


http://www.yamaha.com 

http://www.tdk.com 



Notes: 


All of these CD-RW drives are internal ATAPI/IDE drives, except for the following: Imation CD-RW Bum-R 4X/4X/6X is an external USB drive; 
LaCie 24X/10X/40X U&l is an external USB/FireWire drive; TDK veloCD ReWriter is an external FireWire drive; and Yamaha CRW2100FXZ 
16X/10X/40X is an external FireWire drive. 

Prices listed atrave are MSRP (manufacturer’s suggested retail price); all of these CD-RW drives have significantly bwer street prices. 

LaCie 24X/10X/40X U&l may include a $30 rebate on the MSRP price. 
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many cases, the difference can be quite signifi¬ 
cant (more than $100). The price difference is 
largely a result of the costs associated with 
building a plastic box to hold the drive. The dif¬ 
ference may be exaggerated if the drive has a 
newer FireWire connector (an external connec¬ 
tion standard developed by Apple that supports 
a throughput rate of 400Mbps [megabits per sec¬ 
ond] and can accommodate 63 devices on a sin¬ 
gle port) or SCSI (Small Computer System 
Interface) coimector instead of an older USB 
(Universal Serial Bus), parallel port, or IDE 
(Integrated Drive Electronics) connector. 

Functionality. Decide if you want your disc 
drive to be capable of writing data to, as well 
as reading data from, the CD media. If you 
want both of these functions, then you must 
choose a CD-RW drive or a combination drive 
that incorporates CD-RW and DVD-ROM 
capabilities into a single device. The HP CD- 
Writer 9900ci DVD Combo ($199.99; 800/752- 
0900, 970/635-1000; http://www.hp.com) and 
Toshiba's SD-R1102 CD-RW/DVD-ROM 
Combination Drive Kit ($175; 800/457-7777, 
949/455-2000; http://www.toshiba.com) are 
two combination drives currently on the mar¬ 
ket. In any case, choose a drive in your price 
range that provides the functionality you need. 

Compatibility. To enjoy all the benefits of 
owning a new CD-ROM or CD-RW drive, you 
need a PC that has a Pentium processor, at least 
32MB of RAM, and a Windows 9x or newer OS 
(operating system). You'll get best results from a 
CD-RW drive (and its accompanying software) 
if your system far exceeds these basic require¬ 
ments. If your computer needs a disc drive but 
does not meet the basic system requirements, 
install a less expensive CD-ROM drive. 

Specifications. We've already emphasized 
the importance of spin speed. Other product 
specifications include access speed and drive 
interface. Access speed is a measurement in mil¬ 
liseconds (ms) of how long it takes for the drive 
to locate and retrieve data from a disc. Quality 
CD-ROM drives have an access speed of less 
than 100ms. Any CD-RW drive you consider 
should have an access speed of less than 200ms. 

Drive interface indicates how the drive con¬ 
nects to your PC. The IDE interface is the most 
common and least expensive of internal connec¬ 
tors in use today. We recommend getting an 
IDE (also known as EIDE [Enhanced Integrated 
Drive Electronics] or ATAPI [Advanced 
Technology Attachment Packet Interface]) drive 
if you purchase a disc drive for home or small 
office use. Another drive interface is SCSI, which 
is significantly faster but more expensive than its 


IDE counterpart is. SCSI drives also tend to be 
quite tedious to install. PC cards, FireWire, USB, 
and parallel ports are the most common inter¬ 
faces for external drives. 

If you're shopping for a CD-RW drive, pay 
special attention to the amount of buffer memo¬ 
ry it has and if the drive supports DAE (digital 
audio extraction). DAE is a feature that lets you 
aeate digital audio recordings without convert¬ 
ing the digital data to the analog format at any 
time, thus resulting in high-quality recordings. 
Buffer memory, which is built into the disc 
drive, ensures a smooth playback by temporari¬ 
ly holding data and releasing it at a controlled 
pace during playback or the recording process. 

User confidence. The final consideration is 
whether you feel competent performing the 
installation. A disc drive mstallation is not diffi¬ 
cult, but it does require a basic familiarity with 
the guts of a PC, as well as the confidence to add 
and remove components from the computer. 
Users who are uncomfortable with the idea of 
fiddling around inside a PC should spend a little 
extra money and get an external device. 

■ Step-By-Step Installation. Disc drive 
installations are fairly standard. For our exam¬ 
ple, we chose to replace our current CD-ROM 
drive with the HP CD-Writer 9700i, which 


boasts an impressive set of spin speeds (16X 
write, lOX rewrite, and 40X read) for a price that 
ranges between $189 and $229 at most retail out¬ 
lets. Like our existing, drive, it has an DE inter¬ 
face, so we knew the installation would be easy. 

The first thing you have to do is power 
down the PC, disconnect all the cables (includ¬ 
ing the power cord) that connect to the back of 
the PC, and remove the cover of the PC case. 
Read the users manual for specific instructions 
about removing the case cover if you're not 
sure how to do it. Also, make sure you ground 
yourself by touching the outside of the PC's 
metal frame because static electricity can dam¬ 
age its inner components. 

Once inside the computer, locate fire existing 
disc drive and disconnect the power, data (rib¬ 
bon cable), and audio cables that connect to it. 
You should be able to remove the connectors 
with your fingers. If they stick, try wiggling 
them loose with a pair of needle-nosed pliers. 
Never attempt to remove the connectors by 
pulling on the cables themselves. 

Next, you will have to immount the drive. 
This typically involves removing the saews that 
hold it in the drive bay, but some computer 
manufacturers have developed other means of 
mounting drives within their systems. In our 
case, we simply unlocked a release lever that 



In addition to slave and master jumper settings, many disc drives also have a Cable Select setting. 

If your new drive shares an IDE (Integrated Drive Electronics) port with another drive that has a 
Cable Select Jumper setting, then you must also use this setting because it labels drives numerically 
rather than as a slave or master drive. This iiiustration demonstrates that you’ii need to cover one of 
the three verticai sets of pins to designate the drive as either a master drive, slave drive, or a drive 
that uses a Cable Select setting. Refer to your drive’s documentation for more details. 
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Different manufacturers use different methods for mounting drives inside their computer systems. 
Gateway, for instance, uses drive reiease ievers inside their midtower PCs that you can siide 
backward to uniock or siide forward to iock. 


held the existing disc drive in place. The drive 
then slid out of the drive bay through the front 
of the computer case. 

Now that the old drive was out of the way, it 
was time to set the jumper on the new drive. 
The jumper is a small plastic-covered rectangle 
that fits over a vertical pair of pins (selected 
specifically from a group of 6 or 8 pins) on the 
back of an IDE drive. The jumper setting tells 
the IDE port whether the drive is considered the 
master (primary) or slave (secondary) drive. In 
most cases, the disc drive is the master drive on 
its port. The primary exception to this occurs 
when the disc drive connects to the same IDE 
port as the hard drive. If that is the case, the 
hard drive is considered the master and the disc 
drive is considered the slave drive. 

In our computer, the existing CD-ROM drive 
was the only drive connected to its DE port so 
we knew it was the master drive (a single drive 
attached to an IDE port is always the master 
drive). That meant we had to set the jumper to 
the master position on the new drive. After 
reviewing the instructions provided in the 
installation manual, we noticed that our drive 
shipped with the jumper set to the master posi¬ 
tion. Consequently, we didn't have to change it 
and we were able to proceed to the next part of 
the installation: mounting the new drive in the 
drive bay and connecting the cables. 

The easiest way for us to'complete these steps 
was to position the new drive partially in the 
drive bay and then attach the cables before 
i mounting the drive. We located the power, data, 
‘ and audio cables that we removed from the old 
t drive and connected them to the corresponding 


ports on the new drive.-Each cable connects to 
the drive in only one way, so it was easy to keep 
them straight and connect them properly. We 
double-checked our connections to make sure 
they were snug and secure. A faulty connection 
can cause the drive to malfunction or fail. 

Depending on how your PC is set up, you 
may choose to connect the cables to the drive 
before positioning it in the drive bay. Slide the 
power, data, and audio cables throu^ the drive 
bay and attach them to the drive while holding 
it outside of the computer. Once you connect the 
cables, you then can position the drive fully 
within the drive bay. 

In any case, you should mount the drive after 
connecting the cables. For us, that meant locking 
the release lever so that it held the drive tight 
against the computer frame. Other users may 
need to attach the drive to the frame with the 
screws that they removed from the old drive. 
However you mount the drive, remember that it 
should be level and secure. If you think the disc 
drive feels loose or wobbly, you should remove 
it from the bay and mount it again. 

With the drive installed in the drive bay, you 
can put the cover back on the computer case, 
reattach all the cables to it, and then power it up. 
You still have to install the software for the (fe 
drive, but the exact process of doing this varies 
widely with each drive so we suggest that you 
read the users manual carefully and follow its 
instructions exactly. 

■ A Smooth Drive. Following your disc drive 
upgrade, you should notice an immediate differ¬ 
ence in the speed of software installations. 


CD-R & CD-RW Basics 

T he difference between the CD-R (CD- 
recordable) and CD-RW (CD-rewrite¬ 
able) format is simple: A CD-R disc cannot 
be erased, whereas a CD-RW disc can. In 
other words, data written to a CD-R is there 
for good; you cannot delete it or overwrite 
it. With data written to a CD-RW, however, 
you can delete it and overwrite it. 

Variations in the materials that consti¬ 
tute the discs account for the difference. 
CD-Rs, like CD-ROMs, have a reflective 
aluminum layer covered by a translucent 
plastic coating. When data is burned 
(recorded) into this coating, the plastic 
changes shape permanently so rewriting 
is not possible. CD-RWs, on the other 
hand, have a crystallized alloy coating 
over the reflective aluminum layer. When 
data is burned into this coating, the alloy is 
altered but not changed permanently. 
Consequently, you can erase the data on 
a CD-RW and write data to it again. 

If all things were equal, CD-RWs would 
be the superior media in all cases and 
users would not have to wonder which 
disc format is better. Unfortunately, all 
things are not equal. Many disc drives, 
including audio CD drives and older CD- 
ROM drives, have a problem coping with 
the alloy coating found on CD-RW media. 
For this reason, you should use CD-R 
media when recording audio tracks and 
other data that must be accessible from all 
sorts of disc drives. You can use CD-RW 
media if you are performing data backups 
or if you are recording data that will be 
accessed only on drives that support the 
CD-RW format. 

The cost difference between the two is 
negligible, with CD-Rs selling for less than a 
dollar each and CD-RWs selling at prices 
between one and two dollars each. L J 

A new drive can cut the time it takes to install a 
major software package, such as Microsoft 
Office or Windows, in half. If you upgraded to a 
CD-RW drive, you also will notice a difference 
in the way you can use your computer to share 
data and multimedia files with others. We guar¬ 
antee these differences will make you glad you 
decided to upgrade. fHI 


by Jeff Dodd 
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The DVD Alternative 

Weigh All Factors Before 
Making A Decision 


applications to play on their drives. Moreover, 
D\T) drives and media are more expensive than 
their CD counterparts. Such a combination- 
high prices with low numbers of usable applica¬ 
tions—is bound to have a profound negative 
effect on the adaptation of any technology. 



tracks, bonus footage, actor biographies, and 
other valuable features to packaged DVDs. 

Unfortunately, the computer software and 
hardware industries have been less successful in 
marketing DVD technology. For one thing, many 
users have opted for an upgrade to the recording 
capabilities of a CD-RW (CD-rewriteable) drive 
rather than the high-capacity possibilities of a 
DVD-ROM drive. Plus, the rewriteable DVD 
technologies, including DVD-RAM (RAM is not 
an acronym in this case), DVD-R (DVD-record¬ 
able), DVD-RW (DVD-rewriteable), and 
DVD+RW (DVD plus rewriteable), have been 
hurt by the industry's failure to decide on a 
common standard. This gives users even more 
reason to invest in the stable CD-RW market. 

Today, DVD drives are just another option on 
the technology carousel. They offer several 
advantages, not the least of which is the ability to 
read data from almost any optical disc, including 
DVD-ROMs, video DVDs, and CDs. And 
rewriteable DVDs can hold much more data 
than CD-Rs (CD-recordables) or CD-RWs. On 
the downside, users will find few DVD-based 


■ Types Of DVDs. Low user interest has not 
prevented hardware manufacturers from devis- 
is DVD options. There are five DVD 
mats that have relevance to the PC 
market: DVD-ROM, DVD-R, DVD- 
RW, DVD-RAM, and DVD+RW. 

DVD-ROM drives. The most 
popular DVD format is DVD-ROM. 
Its drives can read data from (but 
cannot write data to) DVD media. 
The drives generally support the 
playback of most other DVD formats, 
including DVD-ROMs, DVD-Rs, 
DVD-RWs, and video DVDs. Most 
DVD-ROM drives also adhere to the 
MultiRead standard, meaning they 
read data from CD-ROMs, CD-Rs, 
CD-RWs, and audio CDs. They do 
not offer data recording functionality. 

The latest generation of DVD- 
ROM drives have spin speeds (mea¬ 
surement of how fast a disc spins in 
the drive) of 12X to 16X, which corre¬ 
sponds to a data transfer rate (rate at 
which data travels from a drive to the 
PC) of 16,200KBps (kilobytes per sec¬ 
ond) to 21,600KBps. To explain these amounts, 
multiply 12 or 16 by l^SOKBps because the min¬ 
imum data transfer rate for DVD drives is 
l,350KBps (which equals a drive rating of IX). 

The typical DVD-ROM drive sells for $150 to 
$250, although it is possible to find a good one 
for less than $100. 

DVD-RW drives. This category actually 
incorporates the DVD-R and DVD-RW disc for¬ 
mats, both of which let users write (record) data 
to discs. The primary difference between the 
two is DVD-R is a record-only format and DVD- 
RW lets users record, erase, and rerecord data 
approximately 1,000 times per disc. 

DVD-RW drives (also referred to as DVD- 
R/RW drives because they accommodate both 
DVD-R and DVD-RW formats) support the 
playback of DVD-ROMs, DVD-Rs, DVD-RWs, 
and video DVDs, as well as CD-ROMs, CD-Rs, 
and CD-RWs. They also can record data to 
DVD-Rs, DVD-RWs, CD-Rs, and CD-RWs. 

DVD-RW drives post three spin speeds: one 
for recording, one for rewriting, and one for 
reading. A typical DVD-RW drive sold today 


A s with so many other cutting- 
edge technologies, the advent 
of DVD (digiti versatile disc) 
technology was preceded by years of 
fervent expectation and mountains of 
hype. And yet, despite the fact that half 
a decade has passed since the DVD 
Consortium (now known as the DVD 
Forum) set standards to govern the 
development of a high<apacity optical 
disc, some in the industry still wonder 
whether DVD is a success as a comput¬ 
er technology. DVD storage drives 
have certainly sold well, but DVD soft¬ 
ware is difficult to find. Indeed, many 
computer owners have never seen, 
bought, or used a computer program 
that comes in DVD format. 

Why, then, would anyone consider 
upgrading a CD drive to the DVD for¬ 
mat? That question can be answered 
only by learning more about this still- 
evolving technology. 


• What Is DVD? The technology we refer to as 
DVD was bom in the mid-1990s as a concerted 
effort by several companies, including Hitachi, 
Philips Electronics, Sony, and Toshiba, to devel¬ 
op a super-charged version of the extremely 
popular and technologically revolutionary com¬ 
pact disc. The successful result of their com¬ 
bined efforts was an optical disc the world 
would come to know as the DVD. 

The DVD attracted attention and inspired 
awe from the very beginning. Its most notable 
feature was, and still is, its disc capacity. The 
technology permits data to be packed more 
densely on the disc surface and for data to be 
written to both sides of the disc. These measures 
were capable of increasing disc capacity from 
650MB to 17GB. 

Such an enormous increase in disc capacity 
opened the door to great possibilities. The 
American film industry was quick to capitalize 
on these possibilities. Tlie movers and shakers of 
HoUywo^ realized they could pack more than 
just movies onto the 4.75-inch shiny discs. For 
example, they also could add multilingual audio 
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has spin speeds of 2X/1X/4X. They are expen¬ 
sive, selling from $600 to $1,000 dollars, but 
prices are expected to drop in the future. Despite 
the price, DVD-RW drives are worth consider¬ 
ing if you're thinking about replacing an ailing 
CD-ROM or CD-RW drive. Their support for the 
broadest array of disc fonnats could make them 
extremely valuable to you in the long run. 

(NOTE: DVD-R drives, which record data only to 
DVD-Rs and do not support the DVD-RW format, 
also are available. However, such drives are geared 
toward high-end disc producers and cost thousands of 
dollars. For this reason, we do not recommend that 
you buy a DVD-R drive.) 

DVD-RAM drives. As the oldest rewrite¬ 
able DVD format, DVD-RAM supports random 
data access rather than serial data access as other 
optical disc drives do. Serial access indicates the 
data is written to or retrieved from the disc in a 
sequential manner. You can think of serial 
access as beads on a string, which go on and 
come off in a specific order. Random access 
means data is written to or retrieved from the 
disc in any order. Think of it as beads in a box; 
you can put the beads in the box or take them 
out in any order. Because DVD-RAM drives 
access data randomly rather than serially, the 
spin speed specification is not important. 

DVD-RAM drives are MultiRead drives that 
purportedly read data from DVD-RAMs, DVD- 
ROMs, and DVD-Rs. They can write data to 
DVD-RAM media only, unless they have built- 
in support for DVD-R capabilities. DVD-RAM 
drives cost slightly less than DVD-R and DVD- 
RW drives, with most selling for $500 to $700. 


DVD-hRW drives. The most recent rewrite¬ 
able DVD format is DVD+RW. This technology 
can read data from DVD-ROMs, DVD-Rs, DVD- 
RWs, video DVDs, and all CD media types. At 
least that's what the current claims are. The 
promotion of DVD+RW has been going on for 
several years, but drives that adhere to this stan¬ 
dard have yet to be released (as of September 
2001) so no one knows what it is capable of yet. 

Your first chance to see this type of drive is 
with Hewlett-Packard's DVD-writer dvdlOOi, 
which should be on store shelves by the time 
you read this article. The dvdlOOi has an MSRP 
(manufacturer's suggested retail price) of $599, 
but industry speculation says other DVD+RW 
drives may sell for much more. 

■ Upgrade Considerations. Arguably, the 
biggest reason why users decide to upgrade to 
DVD drives is they want to prepare their sys¬ 
tems for the future. And although DVD technol¬ 
ogy has yet to replace CD technology in the 
world of computing, some form of DVD will 
eventually become the de facto optical drive 
technology. Thus, many users feel that upgrad¬ 
ing your computer now prepares it for the day 
when you will need it. 

Before you rush out and buy a new DVD- 
ROM or rewriteable DVD drive, however, you 
should take the time to consider whether you 
are a viable candidate for the upgrade. Ask 
ydurself the following questions. 

Do I need it? The first question you should 
ask yourself is whether you really need a DVD 
drive. Your airswer will depend primarily on 


whether your upgrade is voluntary or involun¬ 
tary. An involuntary upgrade occurs when you 
replace a component that does not work with 
one that does. In contrast, a voluntary upgrade 
occurs when you choose to replace a component 
that works with one that worla better. 

Users who have to make an involuntary 
upgrade of their existing CD-ROM drive should 
consider a DVD-ROM upgrade. The price differ¬ 
ence between a CD-ROM drive and a compara¬ 
ble DVD-ROM drive is typically less than $50. 
That's a small price to pay for better perfor¬ 
mance and increased functionality. The only rea¬ 
sons why we may not recommend upgrading to 
a DVD-ROM drive under these circumstances 
are if the user knew he would be getting rid of 
his computer in less than a year or if the user 
wanted CD-rewriteable functionality instead. 

Gamers and film buffs are the most likely to 
benefit from a voluntary DVD-ROM upgrade. 
Such an upgrade would let them watch movies 
on their PCs and play the latest DVD-ROM 
games. Other than these enthusiasts, few users 
would see any benefit from a voluntary upgrade 
to a DVD drive. The prices are still too high and 
the applications are still too rare to justify the 
expense of a voluntary DVD-ROM upgrade. 

As for rewriteable DVD drives, we discour¬ 
age you from investing in such devices at this 
time. The reality is any expensive, rewriteable 
DVD drive you buy today could be obsolete and 
worthless tomorrow. Unless you have a particu¬ 
lar reason for purchasing a rewriteable DVD 
drive, such as being a professional graphics 
designer who needs to transport byte-heavy 
projects from one computer to another, we sug¬ 
gest waiting to buy one until the rewriteable 
DVD market agrees upon a common standard. 

Can my system handle it? When it comes 
to listing system requirements, most DVD drive 
manufacturers tend to understate the needs of 
their high-end hardware. For the best perfor¬ 
mance, we suggest that you ignore their posted 
system requirements and heed our stringent 
technical specifications. 

Your PC should have a 400MHz or faster 
processor, at least 32MB of RAM (64MB is 
preferable), and a Windows 95/98 or newer OS 
(operating system). The computer also should 
be equipped with a hard drive that has at least 
10% of its total capacity reserved as free space; a 
16-bit stereo sound card with speakers; and a 
graphics card that supports the display of 32-bit 
color at a resolution of 800 x 600. 

Your system also needs DVD playback soft¬ 
ware, which decodes the digital video files 
stored on the DVD so they can be played back 


Check Out Our Top Picks: 

Shopping For DVD Drives 

Less Than: Creative Labs PC-DVD 

$200 I Encore 12X DVD-ROM; 

i $149; http://www 
.americas.creative.com 
$200 To : Sony PCGA-DVD51/A8X I 

$400 : DVD-ROM; $399; j 

. http://vww.sonystyle.com! 

$400 To ! Pioneer DVR-A03 DVD- { 

$1,000 I R/RW; $999; http://www I 

^ .pioneerelectronics.com ! 


Acer DV1640A DVD- | Hitachi GD-8000 DVD- 

ROM; $99; http://www ; ROM; $69; http://www 

.acercm.com | .hitachi.com/storage 

Addonics PocketDVD 8X; Acer SDV-8032EP DVD- 
DVD-ROM;$299; 'ROM; $239; 

http://www.addonics.com; http.7/www.acercm.com 
OPS DVD-R/DVD-RAM; | Panasonic LF-D201U 

$549; http://www | DVD-RAM; $499; 

.qps-inc.com ' http7/www.panasonic.com 


Prices listed above are MSRF(manufacturer's suggested retail price); all of these DVD drives have significantly 
lower street prices. 

All DVD drives listed here are internal except for the following external drives: Acer SDV-8032EP; Addonics 
PocketDVD; Sony PCGA-DVD51/A. 

Addonics PocketDVD connects to PC via USB. 

Panasonic LF-D201U connects to PC via SCSI. 
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DVDs differ from CDs in two significant ways. First, the tracks (data storage rings on an optical disc) 
are packed together more tightly on a DVD than on a CD. Second, the sizes of the pits (indentations In 
which bits of data are stored on the surface of a disc) on a DVD are smaller than those on a CD. These 
differences account for the fact that a DVD has a bigger storage capacity than a CD. 


on your PC. Various programs are available, 
including WinDVD from InterVideo ($49.95; 
510/651-0888; http://www.intervideo.com) and 
PowerDVD from CyberLink ($49.50; 510/668- 
0118; http://www.gocyberlink.com). Don't get 
in a rush to buy one of these programs, though. 
You probably will get a free DVD playback pro¬ 
gram when you purchase your DVD drive. 

In addition to meeting core system require¬ 
ments, your PC must have room for the drive. 
External drives require an available external 
interface port, such as a PC Card, FireWire, USB 
(Universi Serial Bus), or parallel port. Internal 
drives need an empty 5.25-inch drive bay; an 
interface port, such as an IDE (Integrated Drive 
Electronics) or SCSI (Small Computer System 
Interface) port; and an internal power cable. 

You may read that you need a DVD decoder 
card in order to view DVDs on your PC. This 
was true a few years ago when older systems 
needed a decoder card to augment the processor 
during video playback, but most computers sold 
in the past two years have enough power to ren¬ 
der a decoder card irrelevant. As long as your 
computer meets the system requirements listed 
above, you shouldn't need a decoder card. 

Can I afford it? DVD drives tend to cost a 
lot more than their CD counterparts do. A typi¬ 
cal DVD-ROM drive, for instance, will cost 


somewhere between $50 and $100 more than a 
typical CD-ROM drive. And a rewriteable DVD 
drive will probably cost at least $300 more than 
a comparable CD-RW drive. 

It's not just the drives that are expensive, 
either. Rewriteable DVD media typically sell for 


as much as $25 per disc. In contrast, you can buy 
CD-RWs for about a dollar each. Granted, 
rewriteable DVD media can hold a lot more data 
than a CD-RW and .are among the cheapest 
forms of data storage across the board when cost 
is calculated on a per-megabyte basis. Never¬ 
theless, the per-megabyte cost for rewriteable 
DVD media is approximately four times more 
than the per-megabyte cost for CD-RW media. 

Other costs associated with DVD drives 
include upgrading your system to support the 
drives. You may have to purchase more system 
memory or DVD player software in order to 
experience the maximum benefits from your 
DVD drive. You also may be tempted to search 
for and buy a few of the available DVD-based 
programs. All these costs are unnecessary if you 
decide to stick with the CD format. 

Can I perform the upgrade myself? A 
final question you should ask yourself before 
investing in DVD technology is whether you 
feel up to the challenge of removing your old 
drive and installing the new one. The process is 
not terribly difficult, but it does require a famil¬ 
iarity with your computer that goes beyond the 
plug-it-in-and-tum-it-on basics. 

Take stock of your computer know-how and 
decide whether you believe you can handle the 
task. You should have no problem adding an 
internal DVD drive to your system if you previ¬ 
ously upgraded another internal component on 
your PC. Users who want to avoid going inside 
their PCs, but still want to upgrade, should con¬ 
sider an external drive instead. 



The data ribbon cable should tightly and socurely fit 
as it attaches to the new drive. Note that few DVD dri¬ 
ves come bundled with data ribbon cables so you will 
have to either reuse the one that was connected to 
your CD drive or buy a new one. You should be able to 
find an IDE (Integrated Drive Electronics) ribbon cable 
at most computer retail stores for less than $25. 
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■ Step-By-Step Upgrade. For the purposes 
of this upgrade, we chose to replace our sys¬ 
tem's CD-ROM drive with Toshiba's SD-M1^2 
DVD-ROM drive. The Toshiba drive has an DE 
interface; which means it will use the internal 
interface port vacated by the CD-ROM drive. It 
also has top-notch spin speeds of 16X (for DVD- 
ROM reads) and 48X (for CD-ROM reads). Best 
of all, the drive has an MSRP of $159.99 but 
often retails for less than $100 (800/316-0920, 
949/455-2000; http://www.toshiba.com). 

Before we could install the SD-M1502 drive, 
we had to remove the existing CD-ROM drive. 
We shut down the PC, turned it off, disconnect- 
‘' ed all the cables and the power cord on the back, 
and removed the computer case cover. Refer to 
your computer manufacturer's users manual for 
instructions about how to remove the case 
cover. Also, discharge any static electricity by 
touching the outside of the PC's metal frame 
before working inside a computer because static 
electricity can damage its internal components. 

With the cover off, we found the CD-ROM 
drive and unplugged the power, data (ribbon 
cable), and audio cables connected to it. We 
unlocked the release levers that held the drive to 
the frame of the computer (on many computers, 
the drive will be held to the frame by two or 
more screws) and removed the drive. 

Now we were ready to install the SD-M1502 
drive. We set the jumper on the back of the 
drive. The jumper is a tiny box that fits over a 
vertical pair of pins (selected specifically from a 
I group of 6 or 8 pins) on the back of an IDE drive. 

The jumper setting indicates whether the drive 
is considered the master (primary) or slave (sec¬ 
ondary) drive on an DE port. Most of the time, 
\ the di^ drive is considered the master drive on 
, its port. This was the case with our computer. 

! Fortunately, the jumper on the new DVD-ROM 
' drive was preconfigured for the master setting 
so we didn't have to change it. 

Next, we needed to connect the power, data 
(ribbon cable), and audio cables to the back of 
the drive. We slid the drive partially into the 
empty drive bay and then, maneuvering careful¬ 
ly, connected the three cables to the back of the 
drive. Each of the cables has a unique connector, 
so there was no mistaking which cable fit into 
which socket on the back of the drive. After 
making sure the connections were snug, we 
were ready to mount the drive in the drive bay. 

In our case, mounting the drive involved fit¬ 
ting it into place and locking the release levers 
that held the drive to the computer frame. You 
may have to use saews to attadi the drive to the 
frame. Make sure the drive is level and secure. 


Finally, put the cover back on the computer 
case. Reconnect the cables to the back of the 
computer, plug them in, and turn on your sys¬ 
tem. Then, follow the instructions provided in 
the drive's users manual fof installing any soft¬ 
ware that came with the drive. 

■ Worth Waiting For. Despite their great 
potential and promising storage capabilities, 
DVD drives have not yet proven themselves to 


be must-have upgrades. We recommend getting 
a DVD-ROM drive if your existing CD-ROM 
drive kicks the bucket, but abandoning a work¬ 
ing CD drive for a technology that carries a 
hefty price tag and has few working applica- 
, tions just seems like a waste of cash. Save your 
money and spend it on an affordable DVD drive 
when you actually need it. @ 

hjJ^Dodd 


The Many Forms Of DVD 

D VD technology comes in several formats, and it’s often hard to keep them all straight. 
Hopefully, the industry will settle on a standard in the next couple of years. Until then. 


referjo this chart the next time you get confus ed ^out DVD formats. 



Typical 

Expected 


Single-Side 

Drive 

Spin 

Reads Writes Number Of 

Price 

Single-Layer 

Type 

S^)ee(b 

PfO'*' To... Writes 

Jgnge 

Capacity 


DVD-ROM 

12Xto'l6X (DVD read) 
40Xto48X(CDread) | 

DVD-ROMs, 
DVD-Rs, 
DVD-RW’s 
video DVDs, 
CD-ROMs, 
CD-Rs, OD-BWs 
and audio CDs 

none 

0 

$70 (low) 

$250 (high) 

4.76B 








DVD-RW 

2X (DVD write) 

DVD-ROMs, 

DVD-Rs, , 

1,000 

$600 (low) 

I 3.95GB- 


1X (DVD rewrite) 

DVD-Rs, 

DVD-RWs, 


$1,000 (high) 

4.7GB 


4X (DVD read) ; 

DVD-RWs, 

CD-RWs, 





8X (CD write) 

video DVDs, 

and CD-Rs 





4X (CD rewrite) 

CD-ROMs, 






24X(CDread) 

CD-Rs, CD-RWs 
and audio CDs 





DVD-RAM 

2X (DVD read) 

24X(CDread) 

(write/rewrite speed 
aren’t advertised with 
this format) 

DVD-ROMs, 
DVD-RAMs, 
DVD-Rs, 
CD-ROMs, 
CD-Rs, CD-RWs, 
and audio CDs 

DVD-RAM 

100,000; 

$500 (low) : 
$700 (high) 

2.6GB- 
4.7 GB 

DVD+RW 

2.4X (DVD write and rewrite): 

DVD-ROMs, 

IMWlWs, 

100,000 

$600 (low) ; 

3.0GB 


8X (DVD read) 

DVD+RWs, 

DVD-Rs, 


$2,000 (high) 



12X (CD write) 

DVD-Rs, 

CD-RWs, 





10X (CD rewrite) 

DVD-RWs, 

and CD-Rs 





32X(CDread) 

video DVDs, 
CD-ROMs, 
CD-Rs, CD-RWs, 
' and audio CDs 






{NOTE: The lack of standards among rewriteable DVD drives has an interesting consequence: You never know 
what will happen when you put a rewriteable disc in a rewriteable drive. Although a drive should, in theory, be 
able to read discs of a certain type, actual results may vary. You may find that your DVD-RAM drive does not 
read certain DVD-Rs, for instance. This is just a hazard of the trade when standards are not set and adhered to.) 
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Thmbleshooting & Additional Help 


Is Your Hard Drive Upgrade 
Giving You A Hard Time? 

We Offer Solutions To Common Problems 



A s hard 
drive t( 

nology continues 
to boast new levels of speed and 
size, the installation process can 
still be a tricky affair. While some lucky 
upgraders experience smooth hard drive 
installations, the rest of us are typically 
plagued with one or more problems i^erent 


Below you'll find solutions to typical hard 
drive installation problems. Before you get start¬ 
ed, remember to always turn off and unplug 
your computer and discharge any static electrici¬ 
ty by touching something metal before ventur¬ 
ing into your computer case. In addition, we 
recommend wearing an antistatic device (such 
as a wristband, found at your local electronics 
shop) before handling any of your computer's 
internal components. All set? Let's dig in. 

Problem: The IDE (Integrated Drive 
Electronics; also known as ATA [Advanced 
Technology Attachment]) ribbon cable connec¬ 
tor won't plug into the motherboard. 

Solution: Many ribbon connectors have the 
20th hole plugged to ensure the ribbon cable 
isn't plugged in upside down, which could 
cause damage to both the motherboard and 
the hard drive. Try inverting the connector and 


then plugging it in. 
Keep in mind that 
most ribbon cables 
have a thin red stripe 
running down the side 
that's intended to cor¬ 
respond to Pin 1 on 
both the drive and the 
motherboard. Check 
for this stripe and the 
corresponding Pin 1 on 
your devices before 
plugging in the ribbon 
cable connector. 

Problem: Hard 

drive size appears 
slightly incorrect in Windows Explorer. 

Solution: Advertised hard drive size and 
actual hard drive size don't always jive. For 
instance, a 6GB drive might appear in 
Windows as 6.49GB. Maxtor's explanation for 
this disparity is as Mows: "Hard drives are 
marketed in terms of decimal (base 10) capaci¬ 
ty. In decimal notation, one megabyte (MB) is 
equal to 1,000,000 bytes, and one gigabyte (GB) 
is equal to 1,000,000,000 bytes.. . . However, 
computers (and programs such as FDISK) use 
the binary (base 2) numbering system. In the 
binary numbering system, one megabyte is 
equal to 1,048,576 bytes and one gigabyte is 
equal to 1,073,741,824 bytes." 

Problem: There is no checkbox option under 
System Properties to enable DMA (direct 
memory access) transfers. . 

Solution: Supporting lOOMBps (megabytes 
per second) transfer rates, the DMA option for 
IDE drives typically provides much higher 
transfer rates than PIO (programmed input/out¬ 
put) transfers. However, the checkbox to enable 
DMA may not appear when viewing your 
ATA/IDE drive in the Device Manager under 
System Properties (click Settings from the Start 
menu, followed by Control Panel, System). One 
reason for this could be that a non-ATAPI 
(Advanced Technology Attachment Packet 


Interface) driver is controlling the drive. 
Windows 98 (including Win98 Second Edition 
users) and Windows Me users can resolve this 
problem by updating the driver for the hard 
drive controller. 

To do this in the Device Manager, click 
Hard Disk Controller(s), click the appropriate 
hard drive controller, and click Properties. 
After clicking the Driver tab, click Update 
Driver, select Specify The Location Of The 
Driver (Advanced), and click Next. Select 
Display A List Of All The Drivers In A Specific 
Location, and click Next. Click the driver (such 
as Esdi_506.pdr) that matches your OS (operat¬ 
ing system) date (the Wm98 date is 5/11A998, 
the Win98 SE date is 4/20/1999, and the 
WinMe date is 6/8/2000), and click Next. 
Finally, click Next again, then click Finish, and 
restart your computer when prompted. 

Problem: A ScanDisk surface scan on a new 
drive reveals bad sectors. 

Solution: While your drive may appear to 
operate properly, bad sectors indicate serious 
problems. If your drive is still under warranty, 
return it. 

Problem: After adding a new hard drive, 
drive letter assignments have changed. 

Solution: If you've added a new hard drive 
but kept your existing hard drive, the existing 
drive (if left as the master, depending on the 
drive's jumper settings) will be assigned the 
letter C, and the new hard drive (the slave) will 
be assigned the letter D. However, if you have 
two partitions on the original hard drive, the 
extended (second) partition will be assigned 
the next available letter after the master and 
slave drives, which would be E. Likewise, an 
extended partition on the slave hard drive will 
be assigned the drive letter F. Be aware that 
certain programs, including hard drive com¬ 
pression software, can swap drive letters on 
their own (unbeknownst to the user). 

Problem: You've added a second hard 
drive, and you can no longer access the CD- 
ROM drive. 
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Solution: By default, Windows will assign 
the letter C to the master hard drive, and the 
letter D to the slave hard drive. If, in your pre¬ 
vious one-hard-drive configuration, the CD- 
ROM drive letter was D, Windows should 
reassign the CD-ROM drive letter (perhaps as 
E). If this doesn't occur automatically (or you 
want the CD-ROM drive to be a letter other 
than E), right-click My Computer, click 
Properties, and choose the Device Manager 
tab. Within this dialog box, double-click CD- 
ROM, double-click the specific CD-ROM drive 
name, and choose the Settings tab. Here, you 
can change the drive letter in the Current 
I Drive Letter Assignment field (or in the 
Reserved Drive Letters area). Click OK to save 
your changes and close the dialog box. 

Problem: Upon booting up, the hard drive 
isn't recognized by the BIOS (Basic 
Input/Output System). 

Solution: This problem can happen after a 
new hard drive installation, or even after a 
! drive has been operating normally for any 
: period of time. First, check your cables: Is the 
ribbon cable properly attached to both the 
hard drive and the motherboard? If you often 
I move or bump your computer case, or tinker 
inside the computer case to add or remove 
components, it's very possible for cables to 
i become loose. Also, check the power cable 
attached to the drive. 

If all cables appear to be securely attached, 
try swapping the ribbon cable with a fresh 
i cable. Still no luck? If you have access to 
' another system, install the drive in that sys¬ 
tem. If it doesn't work in that system, the drive 
is likely faulty and needs to be replaced. If 
i your hard drive is still under warranty, check 
with the manufacturer's technical support staff 
I for troubleshooting assistance or to make 
arrangements to return the drive. 

Problem: The drive is making loud noises, 

' or it runs loudly all the time. 

Solution: Check your installation. Are the 
mounting brackets and screws secure? In certain 
computer cases, hard drive bracket holes don't 
always line up perfectly with the case holes, 
forcing you to install only one screw on each 
side of Ihe drive. While this configuration typi¬ 
cally is sufficient, it may cause the drive to 
! vibrate during operation. Try realigning the 
, drive brackets to insert two screws on each side. 

Problem: When starting Win98, you receive 
the following error message: "Error writing to 
drive C." 

Solution: This error might occur if your 
. computer's BIOS reports the IRQ (interrupt 


request lines) routing information incorrectly. 
This likely signals the need for a BIOS 
update, which can be a complicjated (and 
potentially damaging) process if you're not 
familiar with how a BIOS works. According 
to Microsoft Knowledge Base Article 
Q189000, you can work around the problem 
by disabling the IRQ steering. 

To do so, restart your computer. Hold the 
CTRL key until you see the Win98 Startup 
menu, and choose Safe Mode. After booting 
up, click Start, select Settings, and click Control 



Actual hard drive sizes tend to differ from the 
sizes their manufacturers advertise. 


Panel. Double-click System, choose the Device 
Manager tab, and then double-click the System 
Devices branch to expand it. Select PCI Bus, 
and then click the Properties button. Click the 
IRQ Steering tab, deselect the Use IRQ Steering 
checkbox to clear it, click OK, and then click 
Yes to restart the computer when prompted. 

Problem: After setting up a new hard 
drive in the slave position, neither hard drive 
is working. 

Solution: First, double-check the jumper set¬ 
tings on each drive. If they're set correctly and 
the drives still don't function, try installing each 
hard drive alone. If both drives work alone, 
there may be a compatibility problem. Try swap¬ 
ping the master/slave designations on each 
drive. If this, works, this may be the only config¬ 
uration you can use. (For more information 
about jumper settings, see "Add A Hard Drive 
For More Storage" on page 110 in this issue.) 

Problem: After installing a new hard drive, 
the system hangs after performing its memory 
count or during Auto Detection. 

Solution: Tids may indicate that the system 
BIOS has a capacity barrier or cylinder limita¬ 
tion, or perhaps another device is conflicting 
with the new drive. If your drive does not 
share a cable with another device, check with 
your motherboard manufacturer or OEM 
(original equipment manufacturer; such as 
Dell or Gateway) for a BIOS upgrade. If you 
find that the BIOS does need updating, either 
update it yourself by carefully following the 
manufacturer's instructions (some place this 
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information on their Web site) or have a tech¬ 
nician handle the job. 

But if your drive does share a cable with 
another device, remove the other device from 
the cable. If the drive operates properly after 
rebooting, recheck the jumper settings on the 
drive and reconnect the other device. 

Problem: A new hard drive doesn't seem to 
be as fast as advertised. 

Solution: Advertised speed rates reflect 
ideal system conditions. The rates don't reflect 
the speed at which the drive can read data 
from (or to) the magnetic media; rather, they 
represent the speed between the drive's buffer 
cache and the processor (which more accurate¬ 
ly portrays real-world computing tasks). While 
this attempts to place the drive's rate into the 
realm of honesty, other system aspects, such as 
the processor and RAM, do have an effect on a 
drive's transfer rates. Bottom line: dropping a 
10,000rpm (revolutions per minute) speed 
demon into your 233MHz system isn't going to 
make much of a difference in speed. 

Problem: Your new hard drive is slower than 
it was when you installed it two months ago. 

Solution: Just like cars, computers need 
occasional attention arid routine maintenance 
to ensure all parts are running at optimum lev¬ 
els. Have you defragmented the drive since 
you installed it? If not, do so now. Without 
performing routine maintenance tasks, such as 
using Windows' Disk Defragmenter and 
ScanDisk utilities, most drives will slow over 
time. Several third-party programs, such as 
Norton Utilities, also include excellent disk 
scan and defragmentation tools you can sched¬ 
ule to run automatically at night if your life is a 
bit too hectic to remember to perform hard 
drive maintenance tasks. 

■ Seek Support. As evidenced, many com¬ 
plications can arise during and after a hard 
drive installation. But short of total hardware 
failure (and the subsequent replacement), most 
problems are easily remedied once you target 
the cause. If we didn't cover your dilemma in 
this article, try searching through your hard 
drive manufacturer's support documents 
online; after all, it's likely you weren't the first 
user to experience the problem. Usenet news- 
groups can also supply a wealth of problem¬ 
solving information. For example, visit Google 
Groups (http://groups.google.com) and enter 
a few keywords that define your problem in 
the Search field. 0 

by Christian Perry 
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Did Your New 
Memory Forget 
How To Work? 

Give It A Boost By Following 
Our Advice 



O f all computer upgrades, memory 
installations are typically the easiest. 
But while most memory upgrades are 
trouble-free, problems can occur during or 
after the process. Tracking the source of the 
trouble can be difficult if you don't know 
where to look, but read on for common prob¬ 
lems and confusing obstacles you might 
encounter throughout your upgrade. 

Problem: I added a 256MB memory module 
to my system, which previously had a 128MB 
module, but I'm not seeing much of a perfor¬ 
mance increase. Does it matter which slots I 
put them in? 

Solution: You'll get the best performance 
from installing the largest module in the low¬ 
est-numbered slot. For instance, if you have a 
64MB module and a 128MB module, it's best 
to install the 128MB module in Slot 0 and the 
64MB module in Slot 1. Slots should be num¬ 
bered via small numbers next to the slots. If 
they're not numbered, you can typically 
assume your system's original memory was 
installed in the lowest-numbered slot. Note 
that some systems require you install mod¬ 
ules in banks of two or four; in this case, all 
modules within the same bank must be the 
same size (in megabytes). DDR (double-data 
rate) memory doesn't need to be installed 
in pairs. 


Problem: I have PC1600 DDR memory in 
my system, and I mistakenly ordered a 
PC2100 module. Should I read the supplier's 
return policy? 

Solution: Not necessarily. The different 
modules will work together; however, all 
memory in the system will run at the PC1600 
speed. This is similar to installing PC133 mem¬ 
ory in a system with a lOOMHz front-side bus: 
the memory will work, but it will run at 
lOOMHz. Note also that you can't mix DDR 
modules with PClOO/133 modules because 
DDR won't work in a system equipped for 
PClOO/133, and vice versa. 

Problem: My module doesn't fit into any of 
the slots on my motherboard. 

Solution: Is the module backwards? Try 
turning it in the opposite direction and plug¬ 
ging it in. If that doesn't work, the module 
may be incompatible with your system. 
Check the manual for your system or mother¬ 
board and make sure you're installing the 
proper module. 

Problem: My new memory module fits into 
the slot on the motherboard, but the clips 
won't lock. 

Solution: Make sure the notches on the 
bottom of the module are lining up properly 
with the slot. The clips should automatically 
lock into place when you properly seat the 


module. If they're not locking, try applying 
more pressure to push the module into place. 

Problem: I'm receiving error messages 
after installing several new modules. Could 
there be a problem with all the modules, or 
only one? I 

.Solution: After unplugging your system | 
and properly grounding yourself (by wearing 
an antistatic wristband or touching a metal 
saew outside the system's case), try swapping i 
the modules in their respective sockets. If the i 
errors still occur, try removing one module 
and rebooting. Repeat this process with each 
module until you can determine whether 
you're using a bad module. If the errors stop, 
you'll know that at least some of your memory 
is good. 

Problem: After installing 1.5GB of memory, 
my computer reboots continuously. 

Solution: Sure, memory is pretty cheap 
these days, but jamming your system to the 
gills with memory isn't necessarily the path to 
optimum performance. In fact, Windows Me 
and Windows 98 aren't designed to handle 
more than 1GB of RAM (and Win98 even has 
problems with that much). Uninstall some of 
that memory to avoid the constant rebooting. 

In fact, leave just 512MB and you'll see excel¬ 
lent performance (assuming the rest of your 
system's configuration, including the proces¬ 
sor, is up to snuff). 

Problem; After installing memory and boot¬ 
ing the system, I receive the following error 
message: "Invalid system disk. Replace disk 
and press any key." 

Solution; First, make sure you don't have a 
diskette in your floppy diskette drive. If you 
do, remove it and reboot the system. If the 
error still occurs (or a diskette wasn't in the 
drive), check all the cables in your system, 
including the hard drive cables. Better yet, • 
remove all the cables from your system's 
devices, one at a time, and reseat them. Reboot 
the computer. 

Problem: I installed 1GB (or more) of RAM, 
and now Windows won't start. 

Solution: This problem is limited to 
Windows 95 and Win98, and Microsoft pro¬ 
vides a workaround that helps these OSes 
(operating systems) recognize 768MB of your 
memory. Uiifortunately, if you want to utilize i 
all of the memory you installed, the only 
apparent solution is to upgrade your OS. 

The partial-memory workaround (accord¬ 
ing to Microsoft's Knowledge Base) involves 
editing the System.ini file, which isn't a task j 
you should take lightly. Any mistakes you j 
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make while editing the System.ini file can 
be time-consuming to fix, so be careful 
and always back up files before tampering 
with them. 

That said, you can access the System.ini file 
by opening the Start menu, selecting Run, 
typing sysedit in the field provided, and 
clicking OK. All of the system files, including 
the System.ini file, will appear on-screen. 
Select the window's title bar that states 
C:\WINDOWS\SYSTEM.INI to display it in 
the foreground. Now scroll through its 
list of commands until you reach the 
[386Enh] section. Type the command line 
I MaxPhysPage=30000 anywhere in this sec¬ 
tion. Save your changes, close the system file 
editor, and reboot the computer. 

Problem: After installing more memory, 
Norton Diagnostics' memory test fails. 

Solution: Symantec, the software company 
that owns Norton products, states Norton 
Diagnostics "cannot run a memory test on sys¬ 
tems having more than 256MB of memory." 
According to Symantec, this problem is due to 
a Norton Diagnostics limitation, and your sys¬ 
tem's RAM is not at fault here. 

Although the best solution is to simply ignore 
the test results, Symantec does provide a possi¬ 
ble workaround &at involves liiniting the size of 
i the disk cache file through the System.ini file. 
See Symantec's Service And Support section 
online (http;//www.symantec.com/search) 
to search for more details. Type Norton 
I Diagnostics memory test 256 in the field pro- 
! vided, select the Knowledge Base checkbox 
below, and click Search to find the article for 
which you're looking. 

Problem: When booting, I receive the fol¬ 
lowing error message: "SPD device data miss- 
1 ing or inconclusive." 

I Solution: As your computer boots, the 
SPD (serial presence detect) information 
; stored in a nonvolatile RAM chip on a 
SDRAM module will relay specific details 
about the module to the BIOS (Basic 
; Input/Output System), which then proceeds 
to adequately configure the memory for peak 
i efficiency. So, if you receive this type of SPD 
error message, it's likely that your module is 
either missing the SPD information or the 
' SPD data is corrupt. Contact your memory 
supplier and report the problem. 

Problem: After installing memory, I receive 
the following Windows error message: "Fatal 
Exception Error Ox.xxxxxxxx" 

Solution: This type of message typically 
indicates a bad RAM module(s). Restart 


Windows in Safe Mode by pressing the F8 key 
when you see the "Starting Windows 95/98" 
announcement. Choose Safe Mode from the 
Startup menu. If the error doesn't appear while 
in Safe Mode, it's possible the error may be 
related to a software or driver problem. If the 
error message continues to appear, you may 
need to replace the memory module. Contact 
your memory supplier for guidance. 

Problem: I upgraded my memory and my 
PC continues to beep after I turn it on. 

Solution: Although certain PCs beep after 
booting to indicate a healthy subsystem, a 
long beep or several beeps can indicate a 
problem. Typically, this error beep will be 
accompanied by a message during the boot 
process, so check your screen for anything 
that looks awry. If a message doesn't appear 
on-screen, check your system's motherboard 
manual or manufacturer's Web site to deter¬ 
mine what the beeping means. 

Problem: My computer seems to be nmning 
slower after installing more RAM. 



Use the system Information dialog boxes 
provided by Microsoft and Symantec (via 
Norton Utilities) to target a memory leak. 


Solution: In many cases, installing more 
memory will improve system performance. 
However, if your system has actually slowed 
down after increasing memory, it's possible 
your system doesn't have enough cache to 
handle the resources the additional memory 
demands. Check your memory manufactur- 
I er's system recommendations for memory 
installation because it might be necessary to 
upgrade your system's processor and/or 
motherboard to obtain the performance 
increase you're seeking. 

Problem: I upgraded my memory from 
64MB to 128MB, but photo-editing programs 
and games still run slowly. 

Solution: Many newer programs (and most 
new 3-D games) are very resource-intensive. 
While 128MB will certainly improve most sys¬ 
tem processes, modem, 3-D-intensive games 
and graphics applications demand more 
memory than previous programs. Memory 


prices are at an all-time low, so take advantage 
of the current market and bump up your mem¬ 
ory to at least 256MB. 

Problem: My new memory seems like it 
improved system performance, but I really 
can't tell for sure. Is there a way to confirm 
better performance? 

Solution: Absolutely. Download MemTach, a 
freeware, memory-benchmarking utility found 
at CPUReview.com (http://www.cpureview 
.com/mt_index.html). 

Problem: My system was sluggish before 
my memory upgrade, and it's still sluggish 
after my upgrade. 

Solution: You may be experiencing a 
memory leak, which is often caused by 
flawed application programming and can eat 
away at system resources (namely, memory). 
Typical Windows applications stop using 
system resources when they're shut down; 
however, faulty programs can continue to 
use memory even when they're not visibly 
running. Although rebooting the system will 
immediately plug the leak, you'll still be 
stuck with the memory hog the next time 
you use (and subsequently shut down) 
the program. 

To determine what program is at fault, 
right-click My Computer on the Desktop, 
select Properties, and then click the 
Performance tab. In the System Properties 
dialog box, note the value next to System 
Resources, such as "89% free" (this value is 
also available through Norton Utilities' 
System Information dialog box). 

Next, open a program you typically use, 
use it as you normally would, close it, and 
recheck the System Resources value. If the 
value is the same as when you first checked 
it, continue opening and closing programs 
(one at a time) until you find the program 
that continues to steal resources after you 
close it. Once you find the offender, check 
the program manufacturer's Web site for 
patches or other support information to fix 
the problem. 

■ Memory Mendown. Problems don't usu¬ 
ally crop up during memory installations, but 
when they do, don't be afraid to confront them 
head-on. The sooner you solve the problem, 
the sooner you can get back to remembering 
how to get your own work done. E 
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Mother Lode Of 

Motherboard 

Problems? 


Tame The Beast With Our 
Troubleshooting Techniques 



U pgrading your system's motherboard 
can be an exercise in both exhilaration 
and frustration. Physically installing 
the motherboard and its connected compo¬ 
nents is a relatively straightforward process, 
but booting the system after that installation 
is not. 

Because the motherboard is essentially the 
backbone of any PC, you can track many sys¬ 
tem errors to either the motherboard itself or a 
connected component. But tracking those 
errors can be extremely tricky. Luckily, there 
are telling signs for many errors, and this arti¬ 
cle will dissect them to get you on the path to 
error-free computing. 

As with any system troubleshooting process 
that involves physically opening your comput¬ 
er case, always make sure you shut down your 
system, unplug yOur computer and all of its 


components, and ground yourself before ven¬ 
turing into a computer's internal space. We 
recommend grounding yourself by wearing an 
antistatic wristband or touching a metal object 
outside your system's case to discharge any 
static electricity. 

Problem: Your new motherboard doesn't 
fit in your computer case. 

Solution: A component that's often over¬ 
looked in the upgrade process is the case 
itself. If your new motherboard doesn't fit in 
your case, there's not much you can do other 
than buy a new case. In addition, upgrading 
to more powerful system components, includ¬ 
ing motherboards, can tax an aging power 
supply beyond its intended capabilities. So, if 
you're experiencing erratic power problems, 
or certain devices aren't working at all after 
you installed a new motherboard, check the 


wattage of your power supply. If it's 200 
watts or smaller, you may have another 
upgrade in the near future. You could 
upgrade the power supply itself, but for the 
cost and trouble, you could easily upgrade 
the computer case and an included power ‘ 
supply for a few more bucks. 

Problem: The computer won't boot at all. 

Solution: Make sure that the system cable 
from the power supply is inserted properly 
into the motherboard. 

Problem: The power cable appears to be 
properly inserted, but the computer still 
won't boot. 

Solution: One of usual suspects when 
troubleshooting motherboard upgrades is a 
loose cable. Double-check all cables, including 
ribbon cables, ensuring that each inserts cor¬ 
rectly into the motherboard and its connected n 
devices. Better yet, detach each cable one at a i 
time and reinsert them. Just because a cable [ 
appears securely fastened to a slot doesn't 
mean it is. Many times a cable that's too short 
or isn't otherwise given enough slack will pull i 
itself from a slot, so be sure there's enough 
room within the computer case and sufficient ii 
cable length to attach devices properly. ; 

Poor attachments aren't the only possible I 
cable problem. When upgrading your mother- j' 
board, hopefully you followed the basic rules i' 
of keeping your computer case neat. If you l 
didn't, disorderly cables might interfere with 
crucial system devices, such as the processor 
fan. In general, make sure that cables (and 
their end attachments) are not in contact with 
the processor fan, power supply fan, intake 
fan, or any fans for peripherals (such as your [ 
video card). j 

After installing all of your cables (and prop- j; 
erly tie-wrapping them out of the way), if you j 
find your computer case crowded to the point i 
where cables are hitting fatw and other crucial | 
components, consider buying rounded IDE I 
(Integrated Drive Electronics) and/or SCSI ■ 

(Small Computer System Interface) cables. 
These cables save a boatload of room within a 
case and help with overall system cooling. 

Problem: All of the cables are attached 
properly, but the computer still won't boot. 

Solution: When you installed your mother¬ 
board, did you over-tighten the screws used to i 
attach it to the case? Check for damage around 
the screws; a saew that's attached too tightly 
can cause internal damage to the board's cir¬ 
cuitry. Also, check to make sure that the 
screws aren't touching any wires or cables 
from the motherboard. I 
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; Problem: The cables and screws are fine, 
but the computer still won't boot. What else 
could be wrong? 

Solution: The memory you used with your 
last motherboard isn't necessarily compatible 
with your new motherboard, even if the mod¬ 
ules fit properly within the slots. Consult your 
motherboard's manual to ensure you're using 
the proper memory modules. If your memory 
type is correct, try removing the modules from 
the motherboard and reinstalling them. 

Problem: The memory is installed correct¬ 
ly, but the computer still won't boot. 

Solution: A poorly seated processor will 
i always spell trouble during a motherboard 
upgrade. If you're unsure whether your proces¬ 
sor (including its heat sink and fan) is properly 
inserted, remove it from the motherboard. If 
you're placing a processor into a socket configu¬ 
ration, make sure the bottom of the processor is 
clean and no pins are bent. After aligning the 
pins with the socket's pinholes, set the proces¬ 
sor into place and gently push. Push the socket 
levers into place, and plug the power supply 
into the motherboard. Slot 1 configurations are 
a bit easier with which to work, but it's some¬ 
times difficult placing the processor within the 
slot guides. Make sure the processor is seated 
I securely within the slot by applying just enough 

i pressure. You should be able to feel the unit 
slide firmly into place. 

Problem: The processor is installed 
j correctly, but the computer still won't boot. 

[ Now what? 

I Solution: Although modern motherboards 
are made to withstand a decent amount of 
pressure, they're still delicate devices that 
! should be treated with care. If you notice a 
, crack in your motherboard (perhaps from 
inserting components too forcefully), you 
might have a serious problem on your hands. 
If the motherboard isn't operating (as in, the 
system isn't booting) and you notice that the 
board is cracked, this is most likely the cause. 
Unfortunately, your only option in this situa¬ 
tion is to replace the motiierboard. 

Problem: After upgrading your mother¬ 
board, you can no longer boot from the floppy 
diskette drive. 

Solution: First, ensure the diskette from 
which you're trying to boot is a bootable 
diskette. If you still can't boot, your new BIOS 
(Basic Input/Output System) may need some 
tweaking. Within the BIOS settings, you'll see 
an option for the boot sequence. Make sure this 
sequence is set to "A, C" (where A is the floppy 
diskette drive and C is the hard drive). Some 


BIOSes will also let you choose CD-ROM as a 
boot option; however, it's best to stick with "A" 
first if you intend to boot from a diskette at any 
time. If you've decided to forgo a diskette drive 
in your system, remove the "A" designation 
from the CMOS (complementary metal-oxide 
semiconductor) boot sequence. 

Problem: The system doesn't boot inde¬ 
pendently; it only boots from a diskette. 

Solution: Check the cable running from 
your master hard drive (the drive on which 
your OS [operating system] resides) to the 
motherboard and make sure it's securely fas¬ 
tened within the motherboard slot. 

Problem: Your motherboard manual does 
not indicate how to access the BIOS settings. 



Rounded IDE (Integrated Drive Electronics) 
and SCSI (Small Computer System Interface) 
cables can save valuable space and help to 
cool down your system. 


Solution: Some BIOS programs will indi¬ 
cate which key you need to press to enter its 
Setup screen when the boot process begins. 
However, this isn't always the case, and even 
when it is the case, this message doesn't 
always appear on-screen. If your motherboard 
manual doesn't teM you how to enter the BIOS 
Setup, try pressing the DELETE or F2 keys 
when the first boot-up screen displays on¬ 
screen. Either of these keys should work for 
most modem BIOS programs. 

Problem: The system sounds like it's boot¬ 
ing, but there's no display. 

Solution: After fully booting up your com¬ 
puter (with LED [light-emitting iodej lights on, 
fans mnning, etc.),^the most likely culprit of a 
dead display is a loose video card. If you 
installed a video expansion card into your moth¬ 
erboard, make sure it's securely attached within 
the PCI (Peripheral Component Interconnect) 
slot (or AGP [Accelerated Graphics Port] slot, 
depending on your card and motherboard). You 


•ftoublestiootlng & Additional Help 


may need to apply more pressure than you 
thirik to get the card properly seated. 

If this doesn't solve the problem, check the 
monitor's power and computer cables to make 
sure they are properly connected to the moth¬ 
erboard's video port and receiving power. 

If the display still doesn't work, you may 
have a faulty video card or monitor (but if 
both of these components, were working fine 
with the old motherboard, this likely isn't the 
case). Reboot your computer and pay atten¬ 
tion to whether (and how much) the BIOS is 
beeping. Then, read the following problem 
and solution. 

Problem: Your BIOS beeps as your system 
boots up. 

Solution: Beep codes vary from BIOS to 
BIOS, but in general, they're very revealing as 
to what may (or may not) be wrong with your 
motherboard. For this example, let's discuss 
the beep codes of the popular AMI (American 
Megatrends Inc.) BIOS. 

• No beeps. This could indicate one of sever¬ 
al problems: there's no power to either the 
computer or the motherboard; the mother¬ 
board is shorting because of improper 
installation; an improperly seated ISA 
(Industry Standard Architecture), PCI, or 
AGP card needs to be reinserted; or a cable 
is plugged in backward. 

• One short beep. Your system is healthy. 

• Two, three, or four short beeps. The 
culprit here seems to be memory problems. 
Try reseating the memory modules into 
their slots and rebooting. If this doesn't 
work, try switching the slot locations of 
the modules. 

• Five short beeps. This indicates a gener¬ 
al process failure. First, try reinstalling the 
processor and ensure its fan is operating 
correctly. If this doesn't stop the beeps 
when you reboot, trying reseating all the 
memory modules. 

• Six short beeps. Known as the Gate A20 
error, this indicates that your motherboard's 
keyboard controller chip isn't functioning 
properly. Try another keyboard. If it works, 
your old keyboard may be faulty or simply 
doesn't operate properly with the new 
motherboard. If you can locate the keyboard 
controller chip, try reseating it if it isn't sol¬ 
dered onto the motherboard. 

• Seven short beeps. This also indicates a 
processor error. Try the same steps we sug¬ 
gested for "Five short beeps." If these don't 
work, it's possible your processor is faulty 
(and if you bought a new OEM [original 
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equipment manufacturer] processor 
[unboxed] to complement your new mother¬ 
board, this could very well be possible). 

• Eight short beeps. Your video card is 
causing problems. Try removing the card 
from the motherboard slot and reseating it. 

• Nine short beeps. This indicates a ROM 
BIOS checksum failure (basically, your 
BIOS is faulty). If this is a new mother¬ 
board, the logical solution is to return it for 
another. If you'd rather not bother with the 
return process (and who could blame you), 
you may be able to "reflash" the BIOS, but 
this is not a process for the faint of heart. 
Contact your motherboard manufacturer 
for instructions. 

• 10 short beeps. This is a CMOS error indi¬ 
cating serious problems with your mother¬ 
board. The only solution here is probably 
returning the motherboard. 

• 11 short beeps. This points to a Cache 
Memory error. Locate the cache memory 
chips on your motherboard (consult the 
manual) and try reseating them. 

• One long beep, three short beeps. This 
indicates a Conventional/Extended Mem¬ 
ory error. Use the same troubleshooting 
steps we suggested for "Two short beeps." 

• One long beep, eight short beeps. This 
indicates another video problem. Use the 
troubleshooting steps we suggested for 
"Eight short beeps." 

Problem: The system continually reboots 
upon startup. 

Solution: This typically indicates a PCI 
card, such as a video card, audio card, or NIC 
(network interface card), isn't fully inserted. 
Try turning off the system and reseating all 
the PCI cards, and then reboot. 

Problem: You receive the following . 
message when booting: "CMOS battery 
has failed." 

Solution: Believe it or not, new mother¬ 
boards can ship with a dead battery. The 
CMOS battery saves all of your motherboard's 
settings and preserves the system's date and 
time. If you receive this error, contact your 
motherboard supplier for instructions about 
receiving a replacement battery and mstalling 
it. If you're comfortable with finding and 
removing the battery yourself, go right ahead, 
because buying a replacement on your own 
will probably be the quickest solution. (Please 
note that "CMOS Checksum error" and 
"CMOS battery state low" both indicate a 
failing CMOS battery.) 


Problem: You receive the following mes¬ 
sage when booting: "Error encountered initial¬ 
izing hard drive." 

Solution: This message indicates that the 
CMOS was unable to communicate properly 
with your hard drive. Ensure that the drive(s) 
is connected properly to the motherboard and 
that the drive is configured properly in 
the CMOS. 

Problem: You receive the following mes¬ 
sage when booting: "Keyboard error or no 
keyboard present." 

Solution: Check that the keyboard connec¬ 
tor is properly inserted into the motherboard 
(on the back panel of the computer). If you 



All these PCI (Peripheral Component 
Interconnect) slots on your motherhoard are 
useless If you want to install an ISA (Industry 
Standard Architecture) device. Even so, you’ll 
he better off switching to a PCi device and 
benefiting from its superior perfonnance. 


misaligned the motherboard with the comput¬ 
er case during installation, it might wreak 
some minor havoc with peripherals. Also, 
ensure that no keys are stuck or being pressed 
during the boot process. 

Problem: You receive the following mes¬ 
sage when booting: "Invalid configuration 
mformation - please run setup." 

Solution: This message often appears 
when booting a new motherboard for the first 
time. Enter the BIOS setup screen and follow 
your motherboard manufacturer's recommen¬ 
dations for settings. Reboot and the message 
shouldn't appear again. 

Problem: The activity light on the diskette 
drive stays on all the time. 


Solution: Power down the system and flip 
the ribbon cable over in the opposite direction 
on the back of the floppy drive. You probably 
installed it backward .(don't worry; it happens 
to the best of us). 

Problem: Your PCI modem isn't operat¬ 
ing properly, even though all the settings 
are correct. 

Solution: Try installing the modem in a 
different PCI slot. Depending on the system 
design and BIOS, confficts may interfere with 
modem operation in one PCI slot but not 
another. If this solution fixes your problem, 
your new motherboard may have bundled 
with an outdated BIOS program. Ask the man¬ 
ufacturer for an updated BIOS. 

Problem: Your mouse and/or key¬ 
board doesn't connect properly with the 
new motherboard. 

Solution: PS/2, serial, and USB (Universal 
Serial Bus) mice and keyboards all use differ¬ 
ent connection slots, which can be frustrating. 
Luckily, there's an adapter for most hardware 
and most configurations. Visit your local com¬ 
puter retailer for a quick solution. 

Problem: Your ISA sound card won't fit 
into any of the motherboard's slots. 

Solution: Many modem keyboards forgo 
ISA slots altogether, favoring the quicker, 
more efficient, and space-saving PCI slot. If 
you're stuck with an ISA peripheral card and 
no ISA slots, you're only left with one option: 
ditch it for a PCI card. In the long run, you'll 
benefit from the increased performance of the 
PCI version. 

Problem: The video card information 
appears at the top of the screen, but nothing 
else happens while booting. 

Solution: This problem may occur if you 
plugged your PS/2 keyboard and PS/2 mouse 
into the wrong slots. Power down the system 
and try reversing them. 

■ Monitor Your Motherboard. If you find 
it's necessary to check up on your troublesome 
motherboard, you'll be happy to know that 
there is a free utility you can download to 
monitor the health of your motherboard. 
Motherboard Monitor (http://mbm.live 
wiredev.com) is a nifty utility that reports a 
variety of motherboard statistics, including 
temperatures (which you can display in the 
System Tray), voltages, and fan speeds, [u] 
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Upgrades For 
Notebook Computers 

The Components That Make 
The Extra Effort Worthwhile 


A s you may have already noticed, most 
of the upgrades described in this issue 
are oriented toward users of desktop 
computers. No surprise there. The fact is that 
desktop PCs are designed to accommodate 
the addition of new and replacement equip¬ 
ment. With a little gumption and a bit of 
know-how, you can upgrade every piece of 
hardware found within a desktop 
PC. The same cannot be said of note¬ 
book computers. 

Notebook PCs are designed for 
mobihty and compactness; upgrade- 
ability is not a primary concern. 
However, it is possible for mobile 
individuals to improve performance 
and expand functionality in their 
notebook PCs without exerting an 
extraordinary amount of effort or 
money. We'll outline the major issues 
that you must keep in mind when 
! considering an upgrade for a note¬ 
book computer. We'll also show you 
what upgrade options are available 
! right now. 

■ What You’re Up Against. The 

! upgrade situation for notebook com- 
^ puters can seem awfully bleak. 

Physical limitations and practical con¬ 
siderations will prevent you from 
considering all but the most essential 
upgrades. Fortunately, hardware 
manufacturers have devised a few 
1 technologies that facilitate the process 
I of upgrading a notebook PC. 

! The limitations. You can sum up note- 
! book PC upgrade limitations in three words: 
' space, price, and form. The space limitations 
exist both internally and externally. Internally, 
the efficiently designed notebook PCs have 
only slivers of empty space. They certainly do 
not have enough room to accommodate the 
add-on expansion cards or internal drives nor¬ 
mally associated with computer upgrades. 


Externally, things aren't much better. 
Mobile computer users often work away from 
their desks and in environments that make it 
difficult to tote along external components. 
Just think how much of a hassle it would be to 
maneuver a notebook PC, an external printer, 
and an external storage drive while sitting in 
an airplane, for instance. Even in those 


instances when you're working at a desk, your 
notebook PC probably doesn't have enough 
external ports to support a multitude of 
upgrade devices. 

In addition to space limitations, you also 
must consider limitations due to price. 
Notebook computer components have a ten¬ 
dency to cost more than their larger desktop 
counterparts do. Making matters worse, the 


technical specifications for notebook compo¬ 
nents tend to lag behind the technical specifi¬ 
cations for desktop components. So while a 
speedy 16X internal DVD-ROM drive for your 
desktop PC might cost you $150, you may 
have to spend twice as much to get a slow 6X 
internal DVD-ROM drive for your notebook 
computer. The price-to-performance ratio can 
be quite disheartening, especially to users who 
are accustomed to dealing with desktop speed 
and power. 

As for form limitations, these arise because 
notebook computers are designed according to 
proprietary preferences rather than universal 
standards. The result is that some replacement 
parts are extremely difficult to find, if they can 
be found at all, and those that are available can 
be quite expensive. Installing the components 
once you get them is another ordeal, one that 
often requires professional assistance. Refer to 
the users manual or contact the man¬ 
ufacturer to learn what components 
work with your system, how you can 
get your hands on them, and if you 
have the tools needed to install them. 

The possibilities. Given the 
extent of these limitations, it's amaz¬ 
ing that notebook computers have 
any upgrade possibilities. And yet, 
hardware upgrades are a viable and 
popular option for owners of under- 
performing notebooks. Four distinct 
technologies have proven particularly 
helpful in attracting mobile computer 
users to the concept of upgrading. 
These technologies are PC Cards, 
docking stations, port replicators, and 
modular drive bays. 

PC Cards are electronic devices, 
approximately the same size as a 
credit card, that provide additional 
capabilities to a notebook computer. 
The cards come in several formats, 
each corresponding to a different 
thickness: Type I cards are 3.3mm 
(millimeters) thick. Type II cards are 
5mm thick, and Type III cards are 
10.5mm thick. PC Cards are popular 
because they're small and hot swappable, 
meaning you can take them out and plug them 
in without the need to reboot (restart) the com¬ 
puter. PC Cards also adhere to a universal 
design standard, so you can move PC Cards 
from one notebook computer to another with¬ 
out worrying about incompatibility problems. 

A docking station is a terminallike device 
that lets a notebook computer function like a 
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A memory upgrade Is one of the best ways to improve the performance of 
any compufer, even a notebook. Kingston Technology (800/835-6575, 
714/435-2600; http://www.klngston.com), which makes the 
128MB SO DIMM (small outline dual In-line m 
shown here. Is one of the leading manufacturers 
of memory modules for 
notebook computers. 


desktop computer. Once you connect your 
computer to it, the docking station lets your 
notebook access its full collection of expansion 
slots, drive bays, interface ports, and network 
connections. Docking stations often are used 
for coimecting a notebook to a large monitor, 
full-size keyboard and pointing device, backup 
drives, and network connectivity. 

Port replicators are like docking stations, 
except that docking stations provide access to 
expansion slots and drive bays, whereas port 
replicators only provide access to interface 
ports and network connections. Port replica¬ 
tors are most often used to accommodate 
printers, monitors, input devices, external 
backup drives, and network connections. 

Finally, modular drive bays provide another 
option for notebook upgrades. These drive 
bays let you swap out the computer's disc 
drive, diskette drive, second hard drive, or 
backup battery without opening the note- . 
book. The process of upgrading a modular 
drive may not be easy—indeed, manufactur¬ 
ers often recommend that you let a trained 
professional install their modular compo¬ 
nents—but it is less taxing than it otherwise 
could be. 

■ What You Can Upgrade. Although it is 
theoretically possible to upgrade all 
components found inside your notebook 


Instead of purchasing a second hard drive 
for your PC, why not consider a flash memory 
PC Card? The only drawback to this form of solid- 
state storage Is price. An 880MB card from SanDlsk 
(800/977-5427,408/542-0500; http://www.sandlsk.com), 

for Instance, will cost you $1,000 or more. 


the fact is 
that there are only a 
handful of them that are 
worth the effort. Fortunately, the 
feasible upgrades just happen to be the 
ones that you are most likely to consider; sys¬ 
tem memory, a hard drive, a disc drive, and a 
modem or network adapter. 

System memory. The addition of more 
RAM will boost the performance of any PC. 
Consequently, a memory upgrade is one of the 
first steps you should take if you want to 
improve your notebook. 

Notebook computers have the same memory 
requirements as their desktop counterparts. 
You must have at least SMB of RAM if your 
notebook PC runs Windows 95; 24MB of RAM 
if it runs Windows 98; 32MB if it runs 
Windows Me or Windows NT 4.0; 64MB of 
RAM if it runs Windows 2000; and 128MB of 
RAM if it runs Windows XP. For maximum 
operating effectiveness, we recommend dou¬ 
bling the amount of required memory. Just 
make sure you don't get more 
than the computer 


can handle. The users manual should include 
technical specifications that detail your com¬ 
puter's maximum memory capacity. 

The first thing .you need to do when 
upgrading RAM on your notebook PC is 
look in the users manual or contact 
the computer manufacturer to find 
out what type of memory modules 
(small circuit boards containing memory 
chips) you need. Memory modules come in 
various capacities, such as 16MB, 24MB, 
32MB, 64MB, and others. They also come 
in various types, such as DRAM (dynamic 
RAM) or SDRAM (synchronous dynamic 
RAM); different form factors, such as 72- 
pin or 144-pin; assorted voltages, usually 3.3 
or 5 volts; and several speeds, such as 
lOOMHzor 133MHz. 

Most RAM upgrades require that you dig 
inside your notebook computer. This may 
entail opening an access panel on the under¬ 
side of the computer, removing the keyboard, 
or taking the computer apart. In any case, it's 
important that you obtain specific upgrade 
instructions before tearing into the PC. You 
should be able to find detailed instructions in 
the users manual that came with the computer. 
If you cannot find them there or if the instruc¬ 
tions seem too complicated, contact technical 
support to receive professional assistance with 
the upgrade. 

Memory upgrades vary widely in price, 
depending on capacity, type, and brand. For 
example, the average 32MB module sells for 
approximately $100 to $140, although we 
found some priced as low as $20 and some 
priced as high as $450. Because there are so 
many technical specifications to worry 
about, we suggest that you buy your RAM 
upgrade directly from the manufacturer of 
your notebook PC or from the retail outlet 
that sold the computer to you. Both the man¬ 
ufacturer and the retailer should stock or be 
able to order the memory modules you need. 
These sources also should be able to help 
you with the installation of the modules 
and ensure that the new RAM works 
properly. 

Hard drive. An insatiable demand 
for more storage space has led hard¬ 
ware manufacturers to develop 
several convenient options for 
upgrading the hard drive on your 
■ notebook PC. In fact, the most 
difficult part of the whole 
upgrade procedure may be the prelimi¬ 
nary decisions: whether you want to replace 


136 PC Upgrades / Learning Series 












your existing hard drive and what kind of 
new drive you want. 

We suggest that you keep your existing 
hard drive (unless it has stopped working) and 
augment it with a second hard drive or mass 
storage device. This minimizes the hassles of 
removing the old drive and moving data from 
: the old drive to the new one. The only signifi¬ 
cant benefit of replacing the original hard 
drive is cost. Hard drives for notebook PCs 
cost anywhere from less than $200 for a 6.1GB 
drive to nearly $400 for a 18.2GB or 20GB 
drive. Either way, you're looking at a remark- 
j ably low cost of two to four cents per 
f megabyte for storage in a notebook computer. 

As for what kind of drive you should get, 
we recommend that you consider an option 
that is technically not a hard drive: the flash 
memory PC Card. Flash memory cards offer 
fast, compact, noiseless, energy-efficient access 
to as much as 2GB of data. TTie virtually inde¬ 
structible cards fit into a Type 1 or Type n PC 
Card slot, and the computer treats them like 
any other drive on the system. Best of all, the 
cards provide an infinite source of data stor¬ 
age; you simply buy a new card when you run 
out of room on your old one. The only draw¬ 
back to flash memory cards is their price. A 
flash memory PC Card will cost you approxi¬ 
mately $1.50 to $3 or more per megabyte, 
making them about a hundred times more 
expensive than a hard drive. 

Users who do not have a corporate-sized 
, budget could consider a PC Card hard drive. 
These devices are exactly what they claim to 
be: working hard drives that are miniaturized 
to fit on Type n or Type 111 PC Cards. The dri¬ 
ves are slower, noisier, and less efficient than a 
flash memory card, but they are significantly 
I cheaper on a per-megabyte basis. For example, 
i Toshiba's (877/460-1701, 949/455-2000; 
j http://www.toshiba.com) new 5GB Type 11 
PC Card hard drive, the MK5002MPL, sells for 
I $399. That's a per-megabyte cost of less than 
j eight cents. 

Alternatively, you could shop for an exter- 
I nal hard drive or a removable hard drive that 
j fits into your notebook's modular drive bay 
; (provided that the computer has one). We do 
[ not recommend either. Modular hard drives 
' are much more difficult to find than PC Card 
[ drives, and who wants to be tethered to a 
bulky external storage drive? Nevertheless, if 
you want to invest in one of these options, con¬ 
tact the computer manufacturer for informa¬ 
tion about which modular and external hard 
, drives are supported by your notebook. 


Disc drive. Upgrading a notebook PC's 
disc drive is an attractive idea, particularly 
now that you can get DVD-ROM and CD-RW 
(CD-rewriteable) drive upgrades for prices 
that are not unreasonably higher than desktop 
drive upgrades. 

You have two options for upgrading a disc 
drive: an internal drive or an external drive. 
We discourage the latter option for the same 
reason that we discourage you from getting an 
external hard drive: It's a pain to cart around 
and practically impossible to use when you're 
away from a desk. That leaves you with the 
option of an internal drive. Such drives sell for 
approximately $150 to $300 for a CD-ROM 
drive, $200 to $350 for a DVD-ROM drive, and 


three years comes with a 56Kbps (kilobits per 
second) modem or 10/100 Fast Ethernet (a 
communications protocol that governs most 
LANs [local-area networks]) network adapter. 
If your computer doesn't have one of these, 
you should consider the upgrade. You will 
notice a significant increase in access speed by 
upgrading to a 56Kbps modem from one that 
supports connectivity speeds at 33.6Kbps, 
28.8Kbps, or 14.4Kbps. Likewise, you will see a 
substantial boost in speed if you upgrade from 
a dial-up connection to a cable or DSL (Digital 
Subscriber Line) connection. 

Other upgrade options include wireless net¬ 
work adapters and combination PC Cards. 
Wireless network adapters, which are sometimes 



up to $600 for a CD-RW drive. Unfortunately, 
the technical specifications of notebook models 
tend to lag a generation or two behind that of 
desktop models. 

Modems and network adapters. 

Upgrading the connectivity hardware on 
your notebook PC is a breeze. All you need is 
a PC Card analog modem (if you access the 
Internet through a dial-up connection) or net¬ 
work adapter (if you access the Internet 
through a network or digital high-speed con¬ 
nection), both of which are readily available 
at prices as low as $50. You also can find spe¬ 
cialized access cards, such as PC Cards that 
support ISDN (Integrated Services Digital 
Network) connections, but these cost more 
than an analog modem or network adapter. 
Most PC Card modems and network adapters 
fit into a Type 11 slot. 

You may not need a connectivity upgrade. 
The typical notebook computer sold in the last 


referred to as wireless modems, let you access 
the Internet by tapping into a wireless network. 
They are priced slightly higher than analog 
modems, starting at around $100 each. PC 
Combination Cards, on the other hand, com¬ 
bine the functionality of an analog modem with 
a network adapter. These cards, which sell on 
average for anywhere from $125 to $225, are a 
great alternative if you need dial-up access 
while you're on the road but need corporate 
network access while you're at the office. 

If your notebook computer has a built-in 
modem or network adapter, you should not 
try to remove it. Simply add a PC Card device 
and use the Internet Connection Wizard to 
select the new device as your default connec¬ 
tion. To access the Internet Connection 
Wizard, you need to open the Control Panel 
(click Start, Settings) and double-click the 
Internet Options icon. In the resulting dialog 
box, select the Connections tab and click the 
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A port replicator contains multiple interface ports that enable you to connect several external 
components and netwoilr connections to your notebook computer. The Portsmith Express^ 100 ($219; 
888/293-1302,208/395-1300; http://www.portsmith.com), for Instance, has a serial port, printer 
port, keyboard and mouse ports, four USB (Universal Serial Bus) ports, and an Ethernet network port. 


Setup button. Follow the instructions provided 
on-screen to complete the setup. 

■ What You Can’t Certain components on 
your notebook PC do not lend themselves to 
easy or practical upgrades. The costs involved 
in replacing the display alone, for example, 
would exceed the price of buying a new com¬ 
puter. Even though you could work around a 
malfunctioning display by connecting a desk¬ 
top monitor to the computer, such a solution 
would hardly qualify as an upgrade and 
would prove unsatisfactory to users who need 
to take their notebooks on the road. In such a 
situation, the only practical solution is to buy a 
new notebook computer. 

Other components that you cannot feasibly 
upgrade include the processor, motherboard, 
keyboard, pointing device, speakers, sound 
card, and video card. 

Processor and motherboard. It is unlike¬ 
ly that you would ever need to replace the 
motherboard and processor on your notebook 
PC. That's good, because upgrading these core 
system components is not a viable option for 
mobile computer users. 

For one thing, it is extremely difficult to find a 
company that sells the parts you need. 
Motherboards in particular are tough to come by 
due to the proprietary nature of notebook com¬ 
puter design. Moreover, even if you could get 
the necessary hardware, you would have to hire 
a professional technician to install it for you. 


These components are designed to be installed at 
the computer manufacturing plant, not in your 
home office. Attempting to install them yourself 
could result in a lot of damage to your PC. 

Keyboard and pointing device. Nothing 
illustrates better the sacrifices that notebook 
PC users make for the sake of mobility than 
the undersized keyboard and awkward point¬ 
ing device that come built into every notebook 


computer on the market. These devices are not 
designed with end-user comfort in mind. 
Rather, they are constructed for the strictly 
utilitarian purpose of inputting data on a 
notebook-sized machine. 

Unfortunately, the keyboard and pointing 
device are not easily or cheaply replaced. As 
part of the notebook PC form factor, they are 
attached to your computer for the duration so 
you may as well get accustomed to them. If 
they really cause you serious problems, your 
best bet is to connect an external keyboard and 
pointing device, such as a mouse or trackball, 
to the ports on the back of the notebook or 
docking station. You won't be able to use the 
larger components while you sit in a car or air¬ 
port terminal, but they should keep your fin¬ 
gers happy when you're working in the office. 

Speakers and multimedia compo¬ 
nents. There's a reason serious gamers 
and graphics professionals use desktop 
rather than notebook computers: 
Notebooks simply don't 
have the room to 
accommodate top-of- 
the-line video and 
audio hardware. The 
multimedia capabilities 
of a notebook PC are 
limited to whatever 
chips and circuitry the 
hardware engineers can 
fit on the already over¬ 
loaded motherboard. 

A docking station 
outfitted with a sound card, video card, and 
speakers can provide your notebook PC with 
some audio and video prowess, at least while 
you're sitting at your desk. Note that such a 
configuration will be expensive. The price for 
all components could easily surpass $600, in 
which case you may get better results by 
investing in a desktop computer. Another 
strike against this type of setup is that it could 


overwhelm your system, leading to frequent 
unexpected crashes. In any case, you should 
not attempt to remove or alter the notebook's 
default multimedia hardware in any way. 

■ Think Outside The Upgrade Box. The 

final issue that users must consider is whether 
a notebook PC upgrade is worth the effort. 
Adding more RAM or replacing a slow 
modem will certainly improve system perfor¬ 
mance and increase your computing produc¬ 
tivity. Nevertheless, you should remember 
that upgrading is only one way to get the most 
from your notebook. 

We recommend that you establish a system 
maintenance routine to keep your notebook 
running in tip-top shape. Backing up data, 
running ScanDisk and Disk Defragmenter 
(both of which can be found in the System 
Tools folder on the Windows Start menu), 
deleting old temporary files, and keeping your 
computing environment clean and dry are just 
a few of the steps you should take to maintain 
quality system performance. 

Furthermore, you can boost your system's 
operating effectiveness by investing in the lat¬ 
est versions of your favorite software and 
downloading product updates as they become 
available. A docking station or port replicator 
offers yet another relatively inexpensive way of 
adding new functionality to a tired computer. 

In the end, you may be better off buying a 
new notebook to replace your old one rather 
than trying to fund and execute a large-scale 
upgrade. Notebook computers have come 
down in price quite drastically in the last four 
years. You can now buy a notebook PC that is 
suitable for office productivity and general 
computing usage for less than $1,000. 
Compared to the cost and effort of upgrading, 
you may find that to be the best money you 
ever spent, [u] 

byjejfDodd 



Because notebook PCs come in every shape and size, it is imperative that 
you buy an internal disc drive designed especially for your computer. For 
instance, Compaq designed its DVD/CD-RW drive ($499; 800/345-1518, 
281/370-0670; http7/www.compaq.com) especially for Compaq computers 
that sport MulUBay modular drive bays. 
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We Recommend... 


Books To Help You Troubleshoot 
More Advanced Problems 


I f you need more info about upgrading your 
computer than we were able to include in 
this issue, you've come to the right place. 
There's certainly no shortage of additional 
print resources to help with your upgrade 
questions; here are a few our editors and writ¬ 
ers found useful while researching this issue. 

"The Complete PC Upgrade & Main¬ 
tenance Guide," (12th Edition) by Mark 
Minasi ($59.99; Sybex; ISBN: 0782129900). This is 
the bible of PC upgrading. A massive tome 
(more than 1,600 pages), it covers everything 
from actually building a PC from scratch to 
memory upgrades, and from installing drives to 
troubleshooting your Internet connection. This 
edition even includes a CD-ROM containing 
video instructions. It's a must-have for the 
professional or serious hobbyist. 

"Upgrade Your Own PC," by Corey 
Sandler ($24.99; McGraw-Hill Professional 
Publishing; ISBN: 0072125128). A Uttle dull, but 
straightforward and very helpful, especially for 
the novice. Sandler's book covers hard drive 
replaceihent, memory upgrades, and CD- 
ROM/DVD installation, among other topics. 

"Upgrade and Repair Your PC on a 
Shoestring Budget, Second Edition: Get 
Maximum Technology at Minimum 
Cost," by Wayne N. Kawamoto ($29.99; The 
Coriolis Group; ISBN: 1576103323). We actuaUy 
couldn't get a new copy of this title, and our 
1996 edition is woefully out of date. But, if the 
latest edition is anything like the earlier one, this 
is a great resource. Kawamoto's book is informa¬ 
tive, accurate, funny, and easy to read. It covers 
buying and installing a wide variety of compo¬ 
nents, and includes a CD-ROM with video, as 
well as a helpful glossary and appendices. 

"Rescued by Upgrading Your PC" 
(Rescued by Series),’ by Kris A. Jamsa 
($28.95; Delmar PubUshers; ISBN: 1884133649). 
One of the shorter books in this area (roughly 
300 pages) but packed with good, easily under¬ 
stood info. Contains excellent illustrations, and 
simple, easy-to-follow instructions. Definitely 


worthwhile, especially if 
you're a novice. 

"The Hand-Me-Down 
PC: Upgrading and Re¬ 
pairing Personal Com¬ 
puters," by Morris Rosen¬ 
thal ($24.95; McGraw-Hill 
Professional Publishing; 

ISBN: 007053523X). OK, so 
your computer may not 
actually be a hand-me- 
down. If it's in need of 
some tweaks and upgrades, 
though, this book can help. 

Rosenthal's down-to-earth 
language and straightfor¬ 
ward approach make this . 
one fun to read and, at only around 300 pages, 
you won't need a hand truck to carry it 
into the den. 

"The Do-It-Yourself PC Book: An 
Illustrated Guide to Upgrading and 
Repairing Your PC," by Kyle MacRae and 
Dell Keegan-Martin ($24.99; Osborne McGraw- 
Hill; ISBN: 0072133775). At 160 pages, this is a 
tiny book, as these things go. Still, it's well writ¬ 
ten and fairly comprehensive. Lots of visuals 
and illustrations make it easy to understand. 

"Upgrading and Repairing PCs," by Scott 
Mueller ($59.99; Que; ISBN: 0789725428). 
Another of the classic texts in this area, 
Mueller's books are immensely popular. (This 
one is the 13th edition.) For sheer volume of 
information, only Minasi's book (above) even 
comes close. It's intimidating, though, and not 
for the faint of heart. If you're a raw novice, 
stay away from this one. If you have a little 
background, though, you'll find "Upgrading & 
Repairing PCs" almost indispensable. 

"Troubleshooting, Maintaining, and 
Repairing,PCs," by Stephen J. Bigelow 
($59.99; McGraw-Hill Professional Publishing; 
ISBN: 0072126868). Well, it's not cheap, but it is 
arguably the most respected book currently 
available in this area. Bigelow takes care to be 
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absolutely accurate and inaedibly detailed, and 
the book covers an enormous volume of materi¬ 
al, much of it arranged as an excellent trou¬ 
bleshooting guide. Again, not for the novice, 
but a required resource for the serious hobbyist. 


"Enhanced Guide To 
Managing and Main¬ 
taining Your PC, 
Third Edition," by Jean 
Andrews ($54.95; Course 
Technology; ISBN: 
0619034327). A good, 
solid, up-to-date refer¬ 
ence. It's almost 1,000 
pages, so it's no light¬ 
weight. Still, it's readable 
and a valuable addition 
to your reference shelf. 
One of the few such 
books with any coverage 
of Linux. 



Perfect for the novice, “Rescued by 
Upgrading Your PC” is part of the 
Rescued by Series, ait of which are easy 
to understand and not overly technicat. 


"The Underground 
Guide to Trouble¬ 
shooting PC Hard¬ 
ware: Slightly Askew Advice on 
Maintaining, Repairing, and Upgrading 
Your PC," by Alfred E. Poor ($19.95; Addison- 
Wesley Publishing Co.; ISBN: 020148997X). With 
a title like this, you'd expect this book to have 
something of an attitude, and it does. The humor 
and offbeat approach make for easy reading, but 
perhaps at the expense of depth of coverage. But, 
for $20, it makes a good intrc^uctory text. 

"PC BIOS: Improve and Upgrade Your 
PC's Computing Power!" by Heinz Lange 
($29.95; Abacus Software; ISBN: 1557553424). 
From the title, you might get the impression 
that this book is about (and only about) working 
with your system's BIOS (Basic Input/Output 
System; firmware that communicates with your 
system's devices and peripherals), but it really 
deals with more than that. It certainly does 
discuss BIOS versions and settings, and it will 
definitely help you if you need to adjust those 
settings. (And, of course, many upgrades do in 
fact require a change to the BIOS.) But along the 
way, Lange's book also does a pretty good job 
of discussing hardware in general. 

■ For More Information. If you're looking for 
more info about upgrading your PC, the titles 
above should certainly get you started. And if 
you'd tike even more resources, check out "Go 
Online For More Details" on page 140. [u] 
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Go Online 
For More Details 

Web Sites For Your Troubleshooting 
& Maintenance Needs 


L ooking for more information about 
upgrading? Well, there's certainly no 
shortage of Web sites related to this 
topic. In fact, there's so much information out 
there that it's tough to weed out the dogs and 
find the sites that are the most helpful, the most 
accurate, and the most up to date. That's where 
we come in; because we've already done a lot 
of the research, we'll pass along our writers' 
and editors' recommendations to you. 

Touting itself as offering "... steak, not 
sizzle, since 1997 ...," Charles Kozierok's 
PC Guide Web site (http;//www.pcguide 
.com) is an invaluable resource for the 
upgrader, the troubleshooter, or the curi¬ 
ous. Well-written and comprehensive, the 
PC Guide site covers everything from the 
very basic (see "How The PC Works") to 
the more advanced ("Motherboard Form 
Factors") to the truly technical ("DMA 
Channel Function and Operation"). The 
only things missing here are photos and 
illustrations, which would be very helpful; 
without them, you're looking at an awful 
lot of fairly dense textual material. 

OK, so power supplies and fans are not exact¬ 
ly sexy. Still, you gotta have them. And if you 
upgrade other components (memory, CPU, etc.), 
you'll almost certainly need to improve your sys¬ 
tem's cooling. And believe it or not, there's a 
very cool Web site devoted to just this topic. The 
PC Power & Cooling site (http://www.pcpow- 
ercooling.com/home.htm) will tell you more 
than you ever wanted to know about fans, 
power supplies, and the like. Of course, as a sup¬ 
plier of power supplies and cooling components, 
the PC Power & Cooling site will also be happy 
to sell you whatever parts you need. 

PC Mechanic (http://www.pcmech.com) is 
essentially an online magazine dedicated to 
helping you build, enhance, and fix your PC. It 
contains helpful, well-written, and nicely illus¬ 
trated articles about almost every aspect of PC 
"mechanics" from motherboards to modems, 
and from operating systems to optimization. It's 
definitely worth a look. 


If you'd like to see a well-designed and nicely 
implemented how-to site, check out HowStuff 
Works (http://www.howstuffworks.com). The 
articles and illustrations are very helpful. In our 
case, of course, we were digging for computer- 
related info and found lots of it here. For exam¬ 
ple, check out its power supply article (http:// 
www.howstuffworks.com/power-supply.htm). 
Similarly, you can also find articles explaining 



Smart Computing magazine maintains a comprehen¬ 
sive online dictionary of technical terms and phrases. 


how everything from inlqet printers to computer 
monitors work. (And, if you absolutely have to 
learn how those three-way light bulbs work, you 
can do that here, also.) 

The eHow site (http://www.ehow.com) con¬ 
centrates on how to accomplish specific tasks, 
rather than on how things work. Although the 
eHow site doesn't really specialize in computer- 
related tasks, there are still many such articles on 
the site. We found everything from 
'Troubleshoot A Hard Drive," to "Install RAM," 
to "Upgrade Drivers For A Video Card." 
Remember to phrase your search query in terms 
of accomplishing a specific task, usually begin¬ 
ning with a verb, sudi as typing: install a video 
card, add a printer, and so on. (We were espe¬ 
cially intrigued by an article entitled "Avoid 
Catdung Malaria While Surfing the Tropics." So, 
in the interest of promoting sound research 
practices and editorial integrity, we offered to test 
these instructions but were denied that opportunity.) 


For the latest in driver updates, check out 
WinDrivers.com (http://www.windrivers.com). 
The site provides comprehensive listings and 
downloads of the late3t Windows drivers of all 
types, from printers to video cards to the BIOS 
(Basic Input/Output System). Also, if you've 
ever spent the better part of an evening trying to 
navigate Microsoft's various support sites, you'll 
appreciate the fact that WinDrivers.com lists spe¬ 
cific Miaosoft error messages and links directly 
to the appropriate Miaosoft Help pages. 

If you're having trouble with a motherboard 
upgrade, a hard drive, or almost any other com¬ 
puter component, take a look at the Ontrack Web 
site (http://www.ontrack.com). Headquartered 
in Minneapolis, Ontrack is a software develop¬ 
ment company that originally specialized in hard 
drive utilities. They've since expanded, and their 
Web site offers some very well-written and illus¬ 
trated advice about installing, upgrading, or 
replacing various components. 

When your system won't boot up at all, it 
usually issues a helpless, plaintive beep, then 
just sits there, waiting patiently for help. 
Those beeps are actually "beep codes." If you 
can interpret the codes, you can often tell 
what the problem is, but most of us have no 
way of knowing what these cryptic codes 
mean. COMPUTERCRAFT (http://www 
.computercraft.com/docs/beeps.html) can 
help. This Web site provides a fairly compre¬ 
hensive listing of general troubleshooting 
information, as well as specific "beep codes" 
for the most popular BIOSes, including those 
from Phoenbc, IBM, and AMI. 

Having a problem understanding a term 
or figuring out one of those weird computer- 
related acronyms? Take a look at Smart 
Computing magazine's online dictionary of 
technical terms and phrases. Go to http://www 
.smartcomputing.com and enter a term, or click 
the Browse Dictionary link. 

If you're struggling with anything related to 
SOHO (small office/home office) networking, 
take a quick look at the homePCnetwork site 
(http://www.homepcnetwork.com). They 
maintain a useful FAQ (frequently asked ques¬ 
tions) list, a glossary, and some very useful 
how-to articles. 

■ Consult Your Vendor. Finally, don't forget 
about the various vendors' sites. If you're work¬ 
ing with a Hewlett-Packard printer, for example, 
visit HP's Web site (http://www.hp.com). If 
you're upgrading an ATI video card, check out 
ATI's site (http://wvw.ati.com). 0 
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BIOS (Basic Input/Output System)— 

(Pronounced bye-ose.) BIOS routines control 
the startup process of the machines and other 
basic functions, such as the keyboard, display, 
and disk drives. On older computers, the BIOS 
is stored in ROM, which is not erased when 
the power to the computer is shut off. Newer 
computers store BIOS on flash ROM, which 
can be erased and rewritten if the user needs to 
update the BIOS program. 

broadband —Communication in which the 
wire or line can transmit several data streanas 
simultaneously. More recently, broadband has 
come to describe high-speed data transmis¬ 
sion, such as cable modem, ISDN (Integrated 
Services Digital Network), and DSL (Digital 
Subscriber Line). 

CMOS (complementary metal-oxide 
semiconductor) —An electronic component 
used for RAM and fast data switching. CMOS 
semiconductors are made of two metal-oxide 
field effect transistors for high speed and low 
power use. However, they can be damaged by 
static electricity. 

DIMM (dual In-line memory module) —A 

small circuit board containing memory chips. 
These boards are inserted into memory expan¬ 
sion slots to increase the amount of a comput¬ 
er's RAM. DIMMs differ from SIMMs (single 
in-line memory modules) in the width of mem¬ 
ory bus supported. On a DIMM, opposing pins 
remain electrically isolated to form two sepa¬ 
rate contacts, doubling the number of circuit 
paths. This lets DIMMs support 64-bit and 
higher memory buses, while SIMMs are limit¬ 
ed to 32-bit buses. In computers with Pentium 
processors, which require a 64-bit memory 
bus, you must install SIMMs in pairs, but 
DIMMs can be added singly. 

dongle —A device that locks hardware or 
software to prevent unauthorized use. Often a 
small metal key that secures the hardware con¬ 
tained within a computer case. The dongle can 
prevent a computer from being booted. 

DSL (Digital Subscriber Line)— 

Technology used to transmit digital data on 
regular copper phone lines. DSLs can be used 
to provide connections to the Internet or LANs 
(local-area networks) or for videoconferencing. 
The technology differs from ISDN (Integrated 
Services Digital Network) lines, in that it can 


send analog and digital signals over the phone 
line. With DSL, the analog voice phone calls 
and digital signals can coexist on the same 
wires. This works because analog signals 
require only a fraction of the capacity of the 
copper wires that make up a phone line. 

Ethernet —The most widely used LAN (local- 
area network) protocol. Xerox created Ethernet 
in 1976. Later, Xerox, along with Digital 
Equipment Corp. and Intel, rewrote the stan¬ 
dard. Ethernet is the original CSMA/CA (car¬ 
rier sense multiple access/collision avoidance) 
LAN that lets PCs connected to the network 
listen for pauses before they "speak." A newer 
system called lOBase-T uses wiring similar to 
that used in telephone systems and transfers 
data at up to 10Mbps (megabits per second). 
Fast Ethernet, known as 100Base-T, allows 
transfers at 100Mbps. Fiber optic Ethernet vari¬ 
ations also let users extend network capabili¬ 
ties far from the base site. 

expansion slot —A slot or socket inside a 
computer enabling the installation of add-on 
expansion cards. The slot is actually an outlet 
on the motherboard providing a direct connec¬ 
tion between the computer's bus, or main data 
pathway, and the expansion card. The main 
types of expansion slots are VESA-Local Bus 
(Video Electronics Standards Association), ISA 
(Industry Standard Architecture), EISA 
(Extended Industry Standard Architecture), 
and PCI (Peripheral Component Interconnect). 

fixed wireless —Refers to a wireless device 
that is used in a fixed location, unlike cellular 
phones, PDAs (personal digital assistants), or 
other portable wireless devices. Fbced wireless 
devices are sometimes used in small offices 
and homes and use a continuous power source 
rather than batteries. 

hub —A device that connects two or more net¬ 
work devices so they can communicate. In 
other words, a point on the network where 
multiple devices are connected to each other. 

ISA (Industry Standard Architecture) 
slots —The standard bus modeled after IBM's 
original 8-bit PC bus. In 1984, ISA was expand¬ 
ed to a 16-bit capability. The ISA standard lets 
users add 16-bit expansion cards to special 
slots built into the motherboard. Though the 
ISA bus is outdated today, most computers 
still include a few ISA expansion slots to 


accommodate the large number of ISA-com¬ 
patible expansion boards in existence. 

network —A set of conjoined computers that 
can share storage devices, peripherals, and 
applications. Networks may be connected 
directly by cable connection, or indirectly by 
telephone lines or satellites, and can be part of 
a small-office system or a global web 'of 
numerous other networks. 

NIC (network Interface card)— (Pro¬ 
nounced nick.) A printed circuit board contain¬ 
ing the necessary hardware used to connect a 
computer to a network. 

PCI (Peripheral Component Interconnect) 
slot —^The Intel local bus standard that enables 
faster communication between a computer's 
CPU and peripheral components, thus speeding 
up operating time. Most PCI buses coexist on a 
motherboard with an ISA (Industry Standard 
Architecture) or EISA (Extended Industry 
Standard Architecture) bus, so the user can plug 
in expansion cards compatible with either stan¬ 
dard. An advantage to the PCI bus is its Plug- 
and-Play capability, which means it can help an 
operating system, such as Windows 95, detect 
and configure new cards when they are placed 
in a PCI slot. 

PCMCIA (Personal Computer Memory 
Card International Association) —A trade 
association founded in 1989 by a group of 
computer manufacturers, the PCMCIA estab¬ 
lished the PC card standard, which has greatly 
expanded the potential capabilities of portable i 
computers. PC cards, also called PCMCIA j 
cards, are credit card-sized devices that offer I 
everything from expanded memory to modem 
connectivity to network adapters. 

SIMM (single in-line memory module) 

—(Pronounced simm.) A slender circuit board 
dedicated to storing memory chips. The chips 
are RAM upgrade chips used to expand the j 
system's RAM capacity. More than one SIMM I 
may need to be installed at one time. : 

WISP (wireless Internet service provider) | 

—Similar to a traditional ISP that offers Internet 
connection(s) through phone lines or coaxial 
cables, sans the wires. They offer wireless access 
to users with suitable devices, such as notebook 
computers with WISP antennas, often using the 
802.11b networking standard. 
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Index 


# 

3-D audio, 50-52 

A 

A Sound Idea: Upgrading Your Sound 
Card, 50-52 

^ Add A Hard Drive For More Storage: The 
I Formerly Untouchable Upgrade Has 
Come A Long Way, 110-113 

API. See application program interface. 
Application program interface (API), 50-52 

B 

Basic Input/Output System (BIOS), 52,129 
BIOS. See Basic Input/Output System. 

Bit depth, scanners, 15-16 
Boost printer memory, 41 
Broadband, 100-104 

C 

Cable modems, 79-85,97-104 
Care tips, 78 

Cathode-ray tube (CRT), 31-33,43-45 
CD-rewriteable (CD-RW) drive, 108,120-123 
CD-RW drive. See CD-rewriteable drive. 
Connectivity, 22-24 

Control Your PC’s Output: A High-Level 
Look At Monitors, Printers & Audio 
Devices, 31-33 

CPUs, 54-57,63-67; upgrading, 63-67 
CRT. See cathode-ray tube. 

D 

^ DDR memory. See double-data-rate memory. 
i DDR-SDRAM. See double-data-rate synchro¬ 
nous dynamic RAM. 

Dial-up access, 82-85 
: Dial-up modems, 79-81 
‘ Did Your Freshly Installed Memory Forget 
How To Work?: Give It A Boost By 
I Following Our Advice, 130-131 
Digital cameras, 7,18-21 
Digital Cameras: See A Better Picture, 18- 
21 

Digital Subscriber Line (DSL), 79-85,97-104 
Digital versatile disc (DVD), 124-127 
Digital versatile disc-rrewriteable (DVD+RW), 
125-127 


Digital versatile disc-RAM (DVD-RAM), 

125 

Digital versatile disc-read-only memory (DVD- 
ROM), 124 

Digital versatile disc-recordable (DVD-R), 
124-127 

Digital versatile disc-rewriteable (DVD-RW), 
124-127 

Direct memory access (DMA), 128 

Disc drives, 120-123 

DMA. See direct memory access. 

Don’t Get NIC’d: Upgrading Your Network 
Interface Card Is Easy & Beneficial, 92- 
95 

Double-data-rate (DDR) memory, 130 
Double-data-rate synchronous dynamic RAM 
(DDR-SDRAM), 59-60 
Drive capacity, 111 
Drive speed, 111 

DSL. See Digital Subscriber Line. 

Dual-speed hubs, 96 
DVDformats, 108,124-127 
DVD. See digital versatile disc. 

DVD+RW. See digital versatile disc+rewrite- 
able. 

DVD-R. See digital versatile disc-recordable. 
DVD-RAM. See digital versatile disc-RAM. 
DVD-ROM. See digital versatile disc-read- 
only memory. 

DVD-RW. See digital versatile disc-rewrite- 
able. 

E 

ECC memory. See Error-Correcting Code 
memory. 

Error-Correcting Code (ECC) memory, 60 
Ethernet networking, 96 
Expansion slots, 52 

F 

Fax, 89-91 

Firewalls, 79-81,100-104 

Firewalls: Keep Crackers At Bay, 100-104 

FireWire, 22-24 

Fixed wireless Internet access (FWIA), 86-88 
Flat panel displays, 31-33 
For Workhorse Power, Use Laser Printers: 
The Time To Buy Or Accessorize Your 
Printer Is Now, 39-42 
FWIA. See fixed wireless Internet access. 


G 

Get The Picture?: What To Consider When 
Buying A CRT Monitor, 43-45 
Go Online For More Details: Web Sites For 
Your Troubleshooting & Maintenance 
Needs, 140 

Go Portable: Expand Your Storage 
Options By Buying A Hard Drive For 
The Road, 114-117 

Graphics-editing software, upgrades, 17 

H 

Hard drive, 42,106-107,113; upgrading, 113, 
128-129 

Hardware firewalls, 100-103. 

Home networking, 79-81 
HomePNA, 95 

Hubs, 96-97; managed vs. unmanaged, 96; 
upgrading and installing, 97 

I 

IDE. See Integrated Drive Electronics. 

IEEE 1394,22-24 

IEEE 1394: Why You Need To Hop 
Onboard, 22-24 

Infrared devices, 28,29 
Infrared: Cut Out The Middleman & Beam 
To Your Devices, 28-29 
Input devices, 5-14,22-27 
Installation of portable drives, 117 
Integrated Drive Electronics (IDE), 111 
Internet access, 82-85 

Is Your Hard Drive Upgrade Giving You A 
Hard Time?: We Offer Solutions To 
Common Problems, 128-129 

J 

Joysticks, 7,9-11 

K 

Keyboards, 5,6,12-14 
Keyboards: The A-S-D-Fs Of Picking The 
Peripheral, 12-14 

L 

LAN. See local-area network. 

Laser Printers, 39-42 
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Latency, 59 

LCD. See liquid-crystal display. 

LED printers, 41 

Liquid-crystal display (LCD), 31-33,46-49 
Local-area network (LAN), 101 

M 

Make The Switch To LCD Monitors: Which 
Users Wiii Benefit Most From Taking 
The Piunge?, 46-49 

Making The Move To High-Speed internet: 
Should You Upgrade To DSL Or Cable?, 
82-85 

Mass Storage: A Place For Everything: 

The Scoop On Hard Drives, Optical 
Drives, Tape Drives & More, 106-109 
Memory leaks, 131 
Memory, 54-57; upgrading, 63-67 
Mice & Trackballs & Joysticks! Oh Myl: 

Trade In Pixie & Dixie For Mighty Mouse, 
9-11 

Mice, 6,9-11 

Modems, 31-33,43-49,89-91; speed, 89-91 

More Memory: Your No. 1 Upgrade 
Priority, 58-62 

Motherboard Upgrade Problems?: Tame 
The Beast With Our Troubleshooting 
Techniques, 132-134 

Motherboards, 54-57,68-71; troubleshooting, 
132-134; upgrades, 63-67 

Move On Up To FWIA: Fixed Wireless 
Access Offers High-Speed Internet 
Access With No Cables, 86-88 
Move Up The CD Drive Ladder: Add More 
Speed & Functionality To Your PC, 120- 
123 

N 

Network interface card (NIC), 92-95 
New CPU: Change The Way You Clock, 63-67 
New power supply, 76-78; installation, 76-78 
NIC. See network interface card. 

Notebooks, 135-138 

0 

Online security, 79-81 
Optical drives, 107-108 
Our Take On Telecommunications: We 
Examine Home Networking & 

Broadband Internet Options, 79-81 


Output devices, 31-38,43-49 

P 

Parity bits, 60 

Partition & cluster sizes, 112 
Plasma displays, 31-33 
Portable hard drives, 114-117 
Power Supply: Don’t Forget The Juice 
When Making Modifications, 76-78 
Power Up Your PC: Better Processors & 
More Memory Matter, 54-57 
Prepare & partition hard drives, 113 
Print servers, 42,99 
Printer interfaces, 42 

Printers, 31-33; inkjet, 31-38; laser, 31-33; 
professional grade, 32 

R 

RAM. See random access memory 
Rambus dynamic RAM (RDRAM), 59 
Random access memory (RAM), 58-62,130- 
131; installation, 60-61 
RDRAM. See Rambus dynamic RAM. 
Removable cartridge drives, 108-109 
Resolution, scanners, 16 
Routers, 97-99,101; upgrading and installing, 
98-99 


S 

Scanners, 7,15-17; driver conflicts, 17; instal¬ 
lation, 17; purchasing strategies, 16-17; 
upgrading, 17 

Scanners: How Much Power Do You 
Need?, 15-17 

SDRAM. See synchronous dynamic RAM. 

Software firewalls, 103-104 

Sound cards, upgrading, 50-52 

Switched hubs, 96-97 

Synchronous dynamic RAM (SDRAM), 59 

T 

Tape drives, 109,118-119; installation, 118- 
119 

The DVD Alternative: Weigh All Factors 
Before Making A Decision, 124-127 

The Ins & Outs Of Input Devices: It’s Time 
For Bigger, Badder Computer Toys, 5-8 

Trackballs, 9-11 

Troubleshooting, 139,140 


Types of portable drives, 115-116 

U 

Universal Serial Bus (USB), 25-27 

Upgrade To A Newer Modem: Add Speed, 
Voicemail & Fax Options, 89-91 
Upgrade Your Hub 8i Router: Network & 
Broadband Users Can Increase Speed & 
Share Devices, 96-99 
Upgrades For Notebook Computers, 135- 

138 

Upgrading, 34-38,54-57 
USB. See Universal Serial Bus. 

USB: Travel The High-Speed Peripheral 
Highway, 25-27 

V 

Video cards, 54-57,72-75; standards, 72- 
75; upgrades, 72-75 

Video Cards: High-Quality Cards Provide 
Speed & Sharper Colors, 72-75 

Voicemail, 89-91 

W 

We Recommend... Books To Help You 
Troubleshoot More Advanced Problems, 

139 

Whatever Became Of Tape Drives? Many 
Are Still Hard At Work 8i Just As 
Dependable As Ever, 118-119 

Wireless Internet service providers (WISP), 
86-88 

Wireless networking, 94 
Wireless networking, 99 
WISP. See wireless Internet service 
providers. 

Y 

You Can’t Afford Not To Upgrade Your 
Inkjet: Inkjet Printer Improvements Make 
Newer Models Better & More 
Economical, 34-38 

Your Motherboard: Know Its Ins & Outs 
Before Replacing It, 68-71 

Z 

Zip drives, 108-109 
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Extended t^ordingtime; 


cassette 


GL1 

Professional performance in a compact Mini DV. 

20x Optical Zoom Lens plus lOOx Digital Zoom 
with Optical Image Stabilizer'” 

L-series Fluorite Lens used by professional photographers 


3CCD with pixel shift gives you the highest 
resolution and the sharpest color available 


■ Shoot in Movie mode, take pictures 
in Photo Mode or record 30 
frames per second for a 
cinematic look and 
internet compatibility 


- Record directly 
from analog 
camcorders 


NEW 


XLIb 

The ultimate Mini DV camcorder. 

7 new features provide extensive control over 
picture and sound adjustments 
Exclusive XL Mount gives zoom lens options: 
Extra Wide Angle 3x, 16x Manual Servo, 
16x with Optical Image Stabilizer'”, and 
3D Imaging Video Lens 
- 3CCD with pixel shift 
gives you the highest 
resolution and sharpest 
color available 
- Accepts EOS EF Super 
Telephoto camera lenses 
with optional EF adapter 
- Full manual control 


Moviemaking is 
all about having 
the right 
connections. 


store still images on an 
MMC or SD Memory Card 


- Transmit power to an 
attachable microphone 
or video light 

- Built-in flash with A modes 


lOx Optical Zoom Lens 
plus 200x Digital Zoom 
with Optical Image Stabilizer'” 


zie^om 


The ZR20, ZR25MC 
and ZR30MC are perfect 
companions for making 
digital home movies. 


- Canon lOx Optical Zoom 
Lens plus 200x Digital Zoom 
with Image Stabilization 


- Store still images with 
an MMC or SD Memory Card 
(ZR25MC and ZR30 MC only) 


-Transmit power to an 
attachable microphone or 
video light (ZR30 MC only) 


Record directly from 
analog camcorders 


□pturalOOHB 

The digital camcorder 
that’s a digital camera. 


1.33 megapixel CCD for 
hi-resolution still images 


€LU^A20CQ 

The Elura 10 and 

Elura 20MC: Pocket-sized 

powerhouses. 

lOx Optical Zoom Lens 
plus 40x Digital Zoom 
with Image Stabilization 
MultlMediaCard or 
SD Memory Card for still 
images (Elura 20MC only) 


Progressive Scan CCD with 
RGB Primary Color Filter 


3 shooting modes: 
Movie, Photo and Digital 
Motor Drive 


Only 0.86 pounds 




Each of our Mini DV camcorders has an IEEE 1394 (FireWire®) digital terminal for easy computer connectivity, superior picture clarity you 
can only get from Canon lenses, and an optional Floppy Disk Adapter for capturing stills. Because what you record is just the beginning. 
1-800-OK-CANON www.canondv.com 



Canon KNOW HOW" 






